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ABSTRACT

The Subsurface Investigations Program made progress in FY-1987 toward
obtaining its two program objectives: a field calibration of a model to
predict long-term radionuclide migration and measurement of fhe actual
migration to date.

Three deep boreholes were drilled at the Radicactive Waste Management
Complex (RWMC) to collect sample material for evaluation of radionuclide
content in the interbeds, to determine geologic and hydroiogic
characteristics of the sediments, and to provide monitoring sites for
moisture movement in these sediments. Suction lysimeters and heat
dissipation sensors were installed in two deep boreholes to collect
moisture data. \'

Data from the moisture sensing instruments {(tensiometers,
psychrometers, gypsum blocks, heat dissipation sensors, and neutron
logging) installed at the RWMC continued to be collected during FY-1987.
Because of the large volume of collected data, the RWMC Data Management
System was developed and impiemented to facilitate the storage, retrieval,
and manipulation of the database.

Analyses of data from the soil-moisture sensing instruments was
initiated. Hydraulic gradients indicated downward flow during large
portions of the year, in several areas of the RWMC. Matric potential
measurements within the SDA suggested the wettest soii-moisture conditions
were near drainage and flood control ditches and topographic depressions,
A need for statistical analysis of measurement results was jdentified, due
to the variability of data at depths instrumented in triplicate.

Work on the Computer Model Development task focused on three specific
areas: (a) a detailed review of previous vadose zone modeling studies at
INEL, (b) acquisition and installation of a suite of computer models for .
unsaturated flow and contaminant transport, and (c) preliminary
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applications of computer models using site-specific data. At present, five

ma 'l-:

mode] These models are:

ng
SEMTRA, FEMTRA, TRACR3D, MAGNUM, and CHAINT. In addition to the major
erer

computer models, eight other codes, refe

red to as support codes and
models, have been acguired and implemented.

Sampling of ambient air, air in boreholes, and soil gases was
conducted at the RWMC to determine the identity, location, and relative
concentrations of selected chlorinated and aromatic volatile organic
compounds (VOCs). These sampling efforts indicated that carbon
tetrachloride, 1,1,1-trichlorcethane, trichlorcethylene, and

tetrachloroethylene have migrated from a number of the disposal pits where
0 ' 0

VOCs may have been disposed of. The major sources f VOCs appear to be
Pits 4, 5, 6, 9, and 10. Measurable concentrations of VOCs occur in soil
gases at distances from 2000 to 3400 ft from the SDA boundary. Analyses of
gases collected at various depths beneath the RWMC indicate maximum gas
concentrations at around 100 ft below land surface, and measurable

tions at aro
concentrations to 576 ft.

Results indicated several trends: slight downward migration of
£
[

background radionuclides from the weathering of the surficial sediments,
migration of radionuclides from the buried waste within the surficial
sedimentary cover of the RWMC, and downward migration of radionuclides from
the buried waste into the 118-ft interbed and possibly intc the 240-ft
interbed underlying the RWMC

ifi
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FACTORS FOR CONVERTING ENGLISH UNITS TO METRIC (SI) UNITS

The following factors can be used to convert English units published

herein to the International System of units (SI).

Multiply

inches (in.)
inches (in.)
feet (ft)

miles (mi)
acres
gallons (gal)

gallons (gal)
pounds (1b)
micromhos (umho)

pounds per sguare inch (psi)
pounds per square inch {psi)
°F - 32

parts per million (ppm)

By To obtain
2.54 centimeters {cm)
25.4 millimeters {mm)
0.3048 meters (m)
1.609 kilometers (km)
0.4047 hectares (ha) -
3.785 liters (L)
3785.434 cubic centimeters {cc)
0.4536 kilograms (kg)
1.00 microsiemens (uS)
6.80 Kilopascais (kFa)
0.068 bars
0.556 eC
1.0 milligrams per liter (mg/L)



ANNUAL PROGRESS REPORT: FY-1987

c
RADICACTIVE WASTE MANAGEMENT COMPLEX OF THE
IDAHC NATIONAL ENGINEERING LABORATORY

1. INTRODUCTION
The Subsurface Investigations Program is part o
at the Radioactive Waste Management Complex (RWMC) of the Idaho National
Engineering Laboratory (INEL) to identify pathways and mechanisms by which
radionuciides may eventuailly migrate through the subsur

and present a potential hazard to man. The four methods and fifteen
studies to accomplish this objective are presented in A Plan for Studies of

Subsurface Radionuclide Migration at the Radioactive Waste Management

a
Complex of the Idaho National Engineering Laboratory (DOE, 1983).

The unsaturated {or vadose)} zone encompasses all geologic materials
between the ground surface and the water table of the Snake River Plain
Aquifer. Included are relatively thin sedimentary units at the surface and
at depths of about 30 ft, 110 ft, and 240 ft. (Throughout this repor
these sedimentary units are referred to as the 30-ft, 110~ft, and 240-ft
s not

¢-r-

o

interbeds. The actual depth of an interbed at a specific location i
necessariiy the same as the depth indicated by the interbed name.j Also
included in the unsaturated zone are the basalt flows, which compose most

of the geologic sequence,

The Snake River Plain Aquifer, whose surface lies at a depth of about
580 ft below the RWMC, consists of basalt flows, volcanic ash, and

sedimentary interbeds.

Three of the four methods for collection of data i
subsurface investigations were continued in FY-1387. Th meth
Test Trench, Weighing Lysimeter, and Deep Drilling. Five specifi

Solution Chemistry, Net Downward Flux, Computer Model Development,



Radiochemical Analysis, and Characterization of Geologic Materials--were
continued or initiated in FY-1987. In addition, a new study, Organic Vapor
Characterization, was implemented in response to the detection of volatile

~organic compounds (VOCs) at the RWMC during FY=1987. This new study

included well water analyses, air sampling for detection of organic vapors,
gquantitative gas sample analyses, and soil gas survey analyses.

This report summarizes work performed in support of the Subsurface
Investigations Program during FY-1987. The work was performed by
representatives of EG&G Idaho, Inc. and the U.S. Geological Survey (USGS)
INEL Project Office. A1l work was performed under the direction of the
U.S. Department of Energy (DOE), Idaho Operations Office.



2. RATIONALE AND STATEMENT OF OBJECTIVES
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56-acre Transuranic Storage Area (TSA). See Figure 1. The closest major

posal

bopu1ation center is Idaho Falls, approximately 50 miles to the east.

The radioactive waste buried at the RWMC is a potential hazard to the
environment if its confinement is not maintained. Some radionucliides in

the waste are long~lived, so there is a potential of their long-term
migrati
The question of subsurface migration of radionuclides is of particular

interest for an eventual DOE decision regarding possible retrieval of

buried transuranic waste at the RWMC. Evidence of significant migration
could be used to argue for retrieval of approximately 2,000,000 fi° of
this waste or for the development of additional methods to reduce the
extent of migration. Conversely, the lack of such evidence could support

arguments for leaving the waste in place, at great cost savings.

Therefore, two overall program objectives were established by DOE.

These objectives are:

® Field-calibrate a model to predict long-term migration of
radionuclides in the unsaturated zone. Achieving this cbjective
will require measuring hydrologic transport properties,
accounting for radionuclide behavior and radiocactive decay,
obtaining or developing a computer program for the modei, and
field-calibrating the model.

(] Measure the actual migration of radionuclides to date, in order

to determine whether there is a problem from a public health and
safety standpoint. Achieving this objective will require
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TABLE 1. SUBSURFACE INVESTIGATIONS PROGRAM SCHEDULE

Task Description Fy-85 FY-86 FY-87 FY-B8 FY-89 FY-90 FY-91

METHODS
Shallow drilling*

Test trench

Weighing lysimeter

Deep drilling+*

Net downward water flux and
interface phenomena

Solution chemistry

Radtlonuclide concentrations

Characterization of geologic materials

Chemical Form of radionuclides

Hydrogeology of waste pits

Model development

Hydrogeclogic properties of sedimenis

Hydrogeologic properties of basalts

Chemical mass transfer
Dispersivity
Waste Jeachability

Sorption coefficlients and kinetics

Horizontal and vertical distribution

Model calibration

Organtc vapor characterization

OTHER

Program review/support

* Fifteen boreholes are planned in FY-B88.

** Four boreholes are planned in FY-88, four in FY-89, four in FY-90, and four in FY-91.




3. BRIEF HISTORY OF THE SUBSURFACE INVESTIGATIONS PROGRAM

Studies of possible subsurface migration of radionuclides at the RWMC

began in 1960. The most recent study was conducted in 1979. These eariier

studies are reported in documents authored by Schmalz (1972), Barraclough
tas {1978), Humphrey and Tingey (1978), and

AR =

_ -1 107N Piim
et al. {1976), Burgus and Maes

Humphrey (1980). The results obtained from these previous efforts have

1
provided useful but inconclusive evidence regarding potential migration of

iques employed in several cases were susceptible

to possible cross-contamination during sample collection or handling
processes. Also, not all the data required to model radionuclide transport
nmant hayve been collected. Therefore, DOE

,,,,, Jy R wn A A
1 b [ i—4—211 LI R

through the subsur
requested EG&G Idaho, Inc. and the USGS INEL Project Office to prepare a
]

comprehensive plan. Specifically, the purpose of the plan was to provide

[ ce radionucltide m1urat1on and to

data to determine tnhe
develop and field cali
migration of radionuclides.

(2

e
brate a computer model to help project the long-term

The planning effort for this program was initiated in FY-1982 and
completed early in FY-1984. The plan integrates data requirements from a

- 1

variety of technical discip
ic and geochemical data requirements were established

jactives. -

Specific hydrogeologi
to field-calibrate a subsurface transport model to predict long-term
migration.

laboratory studies to co

The activities a
program and subjected to an external peer review. Details of the review

are presented in the 1983 DOE report. The plan was approved in early
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FY=1584. The remainder of FY-1984 was spen

drill/sample the surficial sediment overlying the basalt at the RWMC (depth
less than 30 ft) This shallow dr1111ng was performed in FY-1985 with



During 1986, 11 shallow holes were augered and instrumented. Auger
hole sample analyses and instrumentation data from the shallow drilling
program (1985 and 1986) are described in subsequent sections of this report.

During FY-1986, the deep drilling program began. The deep boreholes
were planned to penetrate the 240 ft interbed. Three deep boreholes were
drilled during FY-1986. One borehole (D06) was instrumented. Sample
analyses and instrumentation data from the 1986 deep drilling program are
also presented in subsequent sections of this report. '



4. METHODS

The Subsurface Investigation Program (SIP) relies on several methods
(or activities) to provide for the collection of data to support the
individual specific studies. More detail regarding each method is
available in the 1983 DOE report.

During FY-1987, three activities were continued: ODeep Driiling
Program, Test Trench Installation, and Weighing Lysimeter Modification.

These activities are discussed in the following sections.

4.1 Deep Drilling

4.1.1 Introduction

The objectives of the deep drilling activity are to provide
representative saﬁp]es of the main sedimentary interbeds and to prepare
boreholes for instrumenting with in situ monitoring instrumentation. The
deep drilling activity consists of drilling and sampiing the basalt and
interbeds inside the SDA and around its periphery. The deep boreholes are
drilled to a total depth of approximately 5 ft below the 240-ft interbed.
Samples from the 30-ft, 110-ft, and 240-ft interbeds are used to define the
geologic and hydrologic characteristics of the sediments and to provide
samples for laboratory determination of selected radionuclides.

4.1.2 Summary of Accomplishments

Three deep boreholes were drilled at the RWMC. The locations of these
three boreholes, along with the locations of holes augered and drilled
during FY-1985 and FY-1986, are shown in Figure 2. The objective for each
deep hole was to drill through the 240-ft interbed, obtain samples for
radiochemical determinations, determine the locations and thicknesses of
the interbeds, and instrument the borehole. Hole TWl, located inside the
SDA, was drilled to a depth of 237 ft and subsequently instrumented. Hole
Ci3, lying outside the boundary of the SDA, was drilled to a depth of
243 ft and subsequently instrumented. Hole D10, located inside the SDA,
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was drilled to a depth of 95 ft. Work on D10 was temporarily suspended
because of the presence of organic vapors. In addition, work was continued

on hole D02, which was drilled during the FY-1986 dr}ll%ng season. The
hole was in the process of being instrumented (during the FY-1987 season)
when organic vapors were encountered. Work was temporarily suspended.
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completed and instrumented in FY-1988.
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basalt is continuously drilled with the tricone bit until an intermediate
interbed is reached or the 240-ft interbed is within 5 ft. The drill
string is changed out and repTacéd with the coring drill string. The 5 ft
of overlying basalt, the interbed, and 5 ft of the underlying basalt are
then cored. After coring is complete, the hole is reamed with the
5-7/8-in. tricone bit. This ends the drilling/coring phase of the
borehole. The hole is now ready for instrumentation. The instrumentation
process is discussed in Section 4.1.3.5.

After borehole D15 was drilled, it was decided that all future holes
will be cored in their entirety. Coring the basalt as well as the
interbeds will provide more information about the RWMC subsurface.
Borehole D10 was continuously cored to the 95-ft depth, at which point
driiling was suspended in September 1987. The hole design is basically
the same as previously described for boreholes drilled using a tricone
bit. Instead of triconing the hole and back-reaming, the borehole was
drilled using a 3-1/2-in. rotary diamond core bit and then back-reamed to
the standard hole size.

4.1.3.2 Geophysical Logs. Geophysical wireline logs are run in the

borshole through the 110-ft interbed before casing is set. The entire hole
is logged again after the hole has been drilled to total depth below the_
240-ft interbed. Four types of geophysical logs are taken: gamma-ray,
gamma-gamma, neutron, and caliper logs. A downhole television log is also
run.

Gamma-ray logs indicate the amount of natural gamma radiation emitted
from material surrounding the hole. Gamma-ray logs are used to Tdentify
sedimentary beds within the basaltic sequence. Sediments at the RWMC emit
more gamma radiation than basalt.

Gamma-gamma logs measure the intensity of reflected gamma radiation

from a source within the probe after it has been backscattered and
attenuated within the hole and surrounding rocks. Gamma-gamma logs measure

12



the relative density of material surrounding the probe. The logs,
therefore, are also used to indicate relative porosity. Basalts show up as
hnigh density materials, whereas the sediments have a low density.
Therefore, gamma-gamma logs suggest greater relative porosity in sediments.
Neutron iogs measure the hydrogen content of material surrounding the
hole, thereby reflecting the relative moisture content of the material.
Sediment interbeds or fracture zones with sediment infilling within the

________

Caliper logs measure the diameter of the borehole.
The geophysical log responses to TW1, D15, and D02 are illustrated in
Figures 3, 4, and 5. The figures also show the construction of the

boreholes.

4.1.3.3 Health Physics Survey. Health physics surveys are conducted

in three specific areas to screen for cross-contamination between the
surface and the barehole. These areas are the drill rig location, the
decontamination area, and the Subsurface Investigations Field Laboratory
(SIFL). Approximately 1350 smears were taken in these Tocations and
counted in the SIFL using an alpha spectrometer and beta/gamma counter.
Approximately fifteen percent of these smears were composited and sent to
the radiochemical Taboratory for wet chemical anaiysis. FPositive
radiochemical results {at a 99% confidence level) were detected during the
FY-1987 drilling program. These resulted from: (a) contamination inside
the SIFL from the prepared laboratory standard and (b) surficial dust’
accumulating on equipment in the work areas.

Smear sampies with positive resuits are iisted in Tabie Z. Smear
239Pu,

These radionuclides were present in a calibration
239, . detm 239,

samples 6 and 30 showed statistically positive activities of
284cr . and 2307,
standard used at the SIFL. The ratios of “"7“Pu to Pu to

230Th, and 244Cm to 230Th in these two smear samples are

13
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TABLE 2. POSITIVE RESULTS FROM SMEAR SAMPLE ANALYSES

Smear Activity
Borehole _No. Date Nuclide (u€i)

™1 6 6-05-87 233, 1.32 + 0.17 E-07

244¢, 1.35 + 0.17 E-07

2307, 3.4+ 0.9 E-08
™1 19 5-24-87 239, 9.1 1.7 E-08
W1 20 5-25-87 239, 7.3+ 1.6 E-08
W1 21 5-26-87 233p,, 1.76 + 0.20 E-07
W1 22 5-27-87 23%, 4.0+ 1.0 E-08
W1 24 5-29-87 239, 1.13 £ 0.15 E-07
Tl 30 6-04-87 239, 8.1+1.4 E-08

4o 8.5+ 1.4 E-08

2307, 6.1+1.3 E-08
015 45 7-23-87 239, 1.07 + 0.17 £-07
D15 46 7-24-87 239, 1.09 £ 0.16 E-07
D15 47 7-27-87 239, 4.1 +1.0 E-08

statistically identical to these same ratios in the calibration standard.
Therefore, the 239Pu activity in these two samples is due to
contamination from the calibration standard.

Smear samples 19 and 20 show statistically positive 239Pu activity.
However, because of the quantity of soil present on the smear, it was not
possible to isolate a Cm-Th fraction. Therefore, it is impossibie to tell
whether or not the <°°Pu activity present in these samples came from the

calibration standard or from some other source.

Smear samples 21, 22, 24, 45, 46, and 47 showed statistically positive
239Pu activity, but no statistically positive activities of 244
230Th. This suggests that the activity of 239
not due to contamination from the calibration standard. Smears 21, 22,

Cm or
Pu in these samples is

and 24 were taken during work on borehole TWl. During the time these
smears were taken, work was being done on the 6-in. casing, and basalt was
being drilled. Smears 45, 46, and 47 were taken during work on the

17



Sampling of

surficial cover and surface casing on borehole DI15.

sedimentary interbed material was not taking place during the time these

ion

is no associat

There

positive smears were taken at these two boreholes.

between these positive smears and positive detections in sedimentary
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techniqueé were attempted: (a) the HXB core barrel, (b) the standard
Shelby tube, (c) a thin-walled Shelby type tube, and (d) a California
split-spoon sampler. Each coring device failed to obtain core from this
gravel zone. Consequently, the open hole was cased from the surface to the
bottom of the gravel interval with an 8-in. casing. HXB coring resumed
through the bottom of the casing to the base of the 110-ft interbed. Core
recovery in the interbed below the gravel was excellent (78%). The overall
core recovery form the entire 110-ft interbed was 26%. Gravel not
recovered from the coring was circulated out of the hole by high pressure
air and recovered at the surface. These gravel cuttings will aid in the
geologic interpretation of the interbed.

The HXB core barrel was the coring device used for the 240-ft interbed
in hole D15. Gravel was not encountered in this interbed. Core recovery

for this interval was excellent at 74%.

Before work began on borehole D10 in September, it was decided that

all subsequent boreholes shall he cored in their entirety (the basalt

sections as well as the interbeds). The coring program for borehole D10
was proceeding normally until late September, when volatile organic
compounds were detected coming from the borehole. Driliing immediately
ceased for the FY-1987 season for safety reasons. The total depth of the
borehole at this time was 95 ft 2 in. The 110-ft interbed had just been

breached, and the driller was conditioning the hole to core the sediment.

No core was obtained from borehole D10 in the 110-ft interbed. Core was
taken from the 30-ft interbed, and core recovery was 77%; the HXB core

barrel was the coring device used.

Work was discontinued also on borehole D02 because of the detection of

organic vapors, Borehole D02 had been drilled to approximately 235 ft
during the FY-1986 drilling season. Hole problems were encountered at the

240-ft interbed level, and drilling stopped for FY-1986. The plan for
finishing D02 in FY-1987 was to penetrate the base of the 240-ft interbed

into the underlying basalt, pull the 6-in. casing, and instrument the
hole. Sand (8-ft) was cored in the bottom of the 240-ft interbed; however,

no core was vrecovarsd ha

e af the lack of cementation in the sand. The

<
unconsclidated sand simply fell out of the bottom of the core barrel. It
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was then decided to cease coring and begin the instrumentation process.
Volatile organic compounds were detected coming from the borehole during
the removal of the 6-in. casing, and the instrumentation of D02 was
discontinued. '

Interbed samples collected from TW1 and D15 were characterized in
terms of texture, type, color, reaction to HCI, and moisture content. This
information is presented in Appendix A. Additional discussion is presented
in Section 5.1. Results of radiochemical analyses of sediment samples are
presented in Section 5.6.

4.1.3.5 Instrumentation and Backfilling. Two deep boreholes, D15 and
TWl, were instrumented with heat dissipation sensors to measure sofl-water

tension within sediments contained in the interbeds. Suction lysimeters,
for soil-water extraction, were installed in the interbeds along with the
heat dissipation sensors.

Boreholes were instrumented following drilling and sampling. The
6-in. casing, installed to a depth of 5 ft beneath the 110-ft interbed
during drilling, was ieft in place while instruments were placed in the
borehole the casing kept materials from falling down the borehole from the
110-ft interbed to the 240-ft interbed. A PVC guide pipe was lowered down
the borehole in 10-ft increments while instruments were attached in their
respective positions to the guide pipe. The instrument string was lowered
into place so that the instruments were placed at depths corresponding to
the locations of the interbeds. Borehole completion diagrams in Figure 6
show the placement of instruments and backfill material. The bottom of the
borehole was backfilled with bentonite by pouring the bentonite through the
center of the guide pipe. The remaining backfill was poured into p]ace'
using a PVC tremie tube that was lowered down the borehole at the same time
the instrument string was lowered. Backfill was placed in the bottom of
the borehole and progressed upward to land surface.

Instruments were installed with bentonite beneath them to isolate them

from other portions of the borehole. A 6-in. layer of silica sand was
poured on top of the bentonite, and 5 gal of distilled water, with a 10-ppm
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bromide tracer added, was poured on the silica sand. The sand acts as an-
insulator to dissipate the erosive action of the falling water. Silica
flour, a very fine ground silica, was poured down the borehole and mixed
with the water to cover the instruments. The silica flour/water mix
surrounds the instruments, providing a hydraulic connection between the
instruments and the surrounding sediments. The borehcle was ailowed to sit
overnight to allow the silica flour to assimilate the water. Six inches of
silica sand was added to complete the backfill around this set of
instruments. Bentonite was placed between instrument groupings within the
interbeds and adjacent to basalt,

A cement plug was emplaced beneath the 110-ft interbed to act as a
support for the remaining backfili. This was done because the bentonite
may settle 1 to 2 percent following placement. Without the cement plug,
the backfill surrounding the upper interbeds could siip down, placing
bentonite adjacent to the instruments. The casing covering the 110-ft
interbed was withdrawn from the borehole, and backfilling continued to land
surface. Backfilling of D15 was modified due to unusual conditions within
the borehole. A large void, encountered at 190 ft below land surface, had
to be Teft open. A plug was installed at 124 ft below land surface so
backfiiling could continue. Backfilling to cover instruments at 98 ft was
not done because native material from within the borehole caved and covered
them.

4.2 Weighing Lysimeter

4.2.1 Introduction

The objectives of the weighing lysimeter activity are to provide data
that will describe soil moisture content, moisture changes with time, and
rates of soil moisture infiltration typical of cover materials at the '
RWMC. These data will be used to assist in the calibration of a numerical
model of soil moisture movement at the RWMC.
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Weighing lysimeters are used to determine rates of soil moisture
evaporation and plant transpiration in the upper few meters of surficial
sediments. Two weighing lysimeters were installed by EG&G north of the SDA
in 1979. These instruments did not produce reliable data and consequently
were shut down in the latter part of 1982. The weighing lysimeter activity
in FY-1987 consisted of making necessary repairs and modifications to bring
the lysimeters back into operation such that they produce reliable data.

The weighing lysimeter installation is located 800 ft north of the SDA
(Figure 7). This installation is made up of two weighing lysimeters
measuring 5 x 5 x 6 ft, a control pit 4.3 ft in diameter, connecting pipe,
and an instrument tank. The weighing lysimeters and control pit have
identical sets of soil-moisture/temperature blocks (Figure 8) so the
instrument data can be compared between the control pit and the weighing
lysimeters. In addition, the weighing lysimeters have suction candles in
the bottoms of the inner containers to remove any excess water and
equilibrate tensions to natural conditions.
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Figure 7. Location and layout of weighing lysimeter installation.
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4.2.2 Summary of Accomnlishments

Buring FY-1987, east lysimeter core sample analyses were completed.

These analyses consisted of sediment characteristics, particle size

distribution, and x-ray diffraction of the fine silt and clay fractions.
Laboratory calibration of soil moisture/temperature sensors, which are

identical to the uncalibrated buried sensors, was completad.

LU b H wa

4.2.3 Discussion

Sediment core samples were taken from the weighing lysimeters, which
contained soil from the same source areas as the RWMC landfill cover
soils. These analyses provide data for the Hydrogeologic Properties of
Sediments study, the Characterization of Geologic Materials study, and the

Hydrogeology of Waste Pits study.
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Particle size analyses of the cores were completed by using the dry
sieve method for particles >0.062 mm in diameter, and the pipet method for
particles <0.062 mm in diameter. One-and-one-half-in.-diameter core
samples were taken at 10-in. depth intervals in both lysimeter boxes. The
results of a representative lysimeter soil particle size analysis are shown
in Appendix B, Table B-1. The complete east lysimeter soil particle size
analyses and sediment characteristics analyses are available to the other
study groups and will be included in a USGS Test Trench and Weighing
Lysimeter data report currently being prepared.

The laboratory calibration of soil-moisture/temperature sensors showed
that laboratory calibration of the in situ sensors was not possible. The
sensors used at the lysimeter study area were uncalibrated when they were
buried. Eight additional sensors with the same type of construction were
purchased from the same manufacturer. These were placed in cells
containing soil taken from the east lysimeter and were placed in a pressure
plate extractor. The soil was saturated and then allowed to equilibrate at
several pressures within the pressure plate extractor. At each
equilibrated pressure the cells with the sensors were weighed to determine
moisture content changes. At the same, time sensor output was recorded
with a data logger identical to the one used at the weighing lysimeter.
Muitiple regression equations were developed for each laboratory sensor,
and a single multiple regression equation was developed for the entire
population of laboratory calibrated sensors. Statistical analyses of these
calibration equations showed that although an individual calibration
equation for each specific sensor would provide an accurate conversion of
sensor output to moisture contents, one calibration equation for many
sensors would not provide an accurate conversion of sensor output to
moisture contents.

The collection of data from the soil-moisture/temperature sensors at
the weighing lysimeter was discontinued in FY-1987 because calibration of
the in situ sensors is not possible without their retrieval. Lysimeter
weight data collection will continue in FY-1988.
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4.3 Test Trench

4.3.1 Introduction

The objective of this activity is to obtain detailed information on

soi] moisture movement in the unsaturated zone at the RWMC. Two test
trenches have been installed north of the SDA to determine, under actual

AL

s, the typica

h | N ]
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o] moisture content unsaturated
y, matric potential, soil-moisture flux, and
y. The trenches will also be used to experimentally
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er simulated environmental
will be collected using
instrumentation located in disturbed and undisturbed soils, adjacent to

]
I

sediment/basait

The test trench activity is necessary in order to develop an
understanding of movement of water (and radionuclides) from the soil
surface through the waste pits and into the first sediment/basalt
interface. This data will be used to assist in the calibration of a
numerical model of moisture movement at the RWMC.

These trenches were instrumented with neutron access holes,
tensiometers, and psychrometers to measure temperatures, moisture contents,
and tensions in the soil. All dinstrumentation accessed through the buried
test trenches is retrievabie so that their caiibrations can be verified
periodically.

In addition, a micrometeorological station has been installed at this
site to determine the effects of atmospheric conditions on subsurface soil
moisture and temperature variations. This station will be used to support
the Net Downward Fiux study and the Weighing Lysimeter activity. Data
obtained from the micrometeorological station will be used to develop mass
balance equations for input to the numerical model of water movement in the
unsaturated zone.
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4.3.2 Summary of Accomplishments

The micrometeorclogical station was modified to provide additional
data necessary to determine evapotranspiration rates at the RWMC. The
thermocouple psychrometer calibration procedures were modified to improve
the accuracy of matric potential determinations. Fifteen additional
thermocouple psychrometers were calibrated for sensor rotation and
calibration verification. Preliminary preparations were completed in
September 1987 for the installation of a simulated waste trench.
Laboratory analyses of nine soil cores from a neutron access hole were
compieted.

4.3.3 Discussion

The test trench installation is located 125 ft north of the SDA
boundary (Figure 9). Two test trenches were fabricated and installed in
FY-1984. The trenches are made of 6-ft~diameter culvert connected to form
A vertical piece of culvert extends from 3 ft above
depth of 14 ft below land surface. A second culvert
culvert at a 90° angle approximately 4 ft below land

]

u
horizontally for 20 ft. -

From June to July 1987 the meteorological station was modified to

provide additional data necessary for determining the amount of
evapotranspiration that occurs at the RWMC. Windspeed, relative humidity,
and air temperature sensors were installed at one-meter and two-meter

< from
s Trom
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heiahts above ground to nrovide data on air moisture flux
gnis apeve groun g 10 provige gdala on alr meisiure TIiux

evaporation and transpiration of soil moisture. Another type of data
needed, the air-soil interface temperature, is being measured by the

»
addition of an infraraed therm un., Two longwave radiation sensors

(4}
mom gun., Tw radi
and two shortwave radiation sensors were installed on the station to
determine the net amount of solar radiation available for evaporating soil
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incoming components of solar and whole sky radiation. The other longwave
and shortwave sensor set measures the reflected and emitted longwave and
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shortwave radiation components. Data from this station will be used in
several different mass balance equations to determine the net amount of
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jtation available for downward migration through the subsurface.
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An additional set of fifteen thermocouple psychrometers was
calibrated. These psychrometers will be used to rotate the installed
psychrometers out for calibration checks to ensure data accuracy., This
will be an annual activity for the remainder of the project.

Preliminary preparations were completed for the installation of a
simulated waste trench just north of the east test trench. Eight
instrument access ports were instailed in the east test trench for access
to psychrometers that will be located in disturbed soil backfill in the
simulated waste trench. Fifteen 55 gal DOT (Department of Transportation)
hazardous waste drums were purchased and filled with simulated waste and a
potassium bromide tracer. Twenty heat dissipation blocks were purchased;
these will be emplaced within the simulated waste trench. These blocks
measure soil moisture content in the 0 to 3 bar tension range and will take
the place of tensiometers, which generally do not work in the dry soil
conditions at the test trench area.

Particle size analyses of nine soil samples from neutron access hole
NAH-1 were completed. Particles <0.062 mm in diameter were analyzed by the
dry sieve method and particles >0.062 mm in diameter were analyzed by the
pipette method. The results of these analyses are shown in Appendix B,
Tables B-2 through B-10. Particle size analyses will be conducted on the
remaining test trench soil samples.

Analyses of sediment sample characteristics were also completed on the
nine NAH-1 soil samples. The results of these analyses are shown in
Appendix B, Tables B-11 through B-19. The analyses show that, in this
particular area, quartz, plagioclase, and basalt fragments predominate as
the most abundant soil components. _Ana]yses of sediment sample '
characteristics will be conducted on the remaining neutron access hole soil

samples.
Soil-water characteristic curves are used to determine the relation

between soil tension (matric potential) and soil moisture content by
volume, and are also used to determine unsaturated hydraulic conductivity.
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Data for these curves are collected by placing soil cores within a pressure
plate extractor, saturating the soil cores, and then weighing the soil
cores after the soil moisture within the cores equilibrates at several
selected pressure settings. At the end of the test, the soil cores are
oven-dried, and intermediate masses are converted to volumetric water
content values. Soil-water characteristic curve data sets were completed
for samples from four neutron access holes (NAH-2, 3, 6, and 9). These
data sets are shown in Appendix B, Tables B-20 through B-24. Soil-water
characteristic curve work will continue through FY-1988.

Nine neutron access holes were installed in and around the test trench
area. The holes were hand-augered to the surficial sediment/basalt
interface while undisturbed core samples were collected for bulk density,
soil, moisture, and particle size analyses. The holes were cased with
1.5 in. inner diameter stainless steel tubing from 2 ft above land surface
to the basalt. Locations of these access holes are shown in Figure 9.
Readings were taken from the nine access tubes on a bimonthly basis; these
readings show relative soil-moisture content changes. Data from the
neutron access holes will be documented in a USGS data report currently
under peer review.

Psychrometer data collected at the test trench area show the soil
temperature and soil matric potential changes with time and depth. Soil
temperature changes with time at six depths in the surficial sediments are
shown in Figure 11. Changes in soil tension (matric potential) with time
at four depths are shown in Figure 12.

Approximately 65,000 data points collected at the test trench study
area in FY-1987 were compiled and are being checked for accuracy.
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5. SPECIFIC STUDIES

Of the specific studies outlined in the 1983 DOE report, five were
T C

£ - ~E
1an i

cFr -

continued or initiated in FY-1987. These are: Characteriza
Geologic Materials, Solution Chemistry, Net

e: c
Downward Flux, Computer Model
Development, and Radionuclide Concentrations. In addition, another study,

Organic Vapor Characterization, was initiated at the beginning of FY-1588
in response to the detection of volatile organic compounds during drilling

operations at the RWMC.

5.1 Characterization of Geologic Materials

5.1.1 Introduction

The objectives of this specific study are to quantify physical and
chemical properties of surficial sediments, basalt, fracture fill material
and interbed sediments. These data will ultimately be used to determine
the properties of radionuclide sorption and migration within the geologic

section of basalts and sedimentary interbeds underiying the RwMC.

5.1.2 Summary of Accomplishments

Sediment samples taken from the interbeds during the deep drilling
activities were characterized. Descriptions of these samples are presented
in Appendix A. Sampies obtained from the surficial sediments near the
weighing lysimeter and test trench projects are described in Appendix B.
Several cross-sections, a fence diagram, and sand trend maps were
constructed in order to gain a greater understanding of the subsurface
sedimentary patterns. Analysis of this information will aid in the effort
to predict the movement of moisture and migration of radionuclides through
the vadose zone.
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5.1.3 Discussion

The data obtained from the drilling program are being used in the
effort to develop a conceptual model of the sedimentary and basalt layers

underlying the RWMC. Borehole construction diagrams, structural
cross-sections, fence diagrams, geologic structural maps, and sand
thickne aps are usefu] ools in this effort
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The structural and sand thickness maps of the 110-ft interbed best
i1lustrate this stream channel pattern. Refer to Figures 20 and 21. A
h

structural high exists in the central portion of the SDA, trending along
the north-south axis of cross-section € to ' (Figure 13). This is also an
area of a sedimentary thin, an interchannel ridge. The same pattern of a
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5.2 Solution Chemistry

5.2.1 Introduction
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the major ion chemistry, pH, and redox potential of solutions i
basalt at the RWMC. This information will be used in the predictive model
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the actual radionuclide migration by monitoring for radionuclides in soil
waters collected using porous cup lysimeters. The Solution Chemistry Study
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5.2.2 Summary of Accomplishments

Five porous cup lysimeters were installed in two deep boreholes at the
RWMC during FY-1987. A soil-water sample was collected and analyzed from
only one of these lysimeters (DLO4). In all, samples from 22 of the
39 lysimeters installed since FY-1985 were collected and analyzed for major
jon chemistry. Of the 17 not sampled, three were new installations, four
are teflon lysimeters (which are no Tonger sampled), two require reserve
air tanks, and eight had temporarily dry soil.

5.2.3 Discussion

Five porous cup lysimeters were installed during FY-1987. Three of
these lysimeters were installed in borehole D15 at depths of 30 ft, 110 ft,
and 240 ft. The other two lysimeters were installed in borehoie TWl at the
110 ft and 240 ft interbeds. One of those lysimeters (DL04) yielded a
soil-water sample. Figure 2 (see Section 4.1.2) shows the locations of all
shallow and deep Subsurface Investigations Program boreholes drilled at the
RWMC since FY-1985. Table 3 shows the installation dates, installation
depths, and status of all lysimeters installed to date. As described in
the FY-1986 annual report (Hubbell et al., 1987), a number of lysimeters
leak and thus require the use of a reservoir air tank to increase the
effective volume of the lysimeter for sampleé to be collected. The volume

of the air tank used or needed is shown in Table 3.

Details on the procedures used to install the porous cup lysimeters
are given in the FY-1985 annual report (Hubbell et al., 1985).
Modifications to those procedures are described in the FY-1986 annual _
report (Hubbell et al., 1987). No significant changes were introduced to
lysimeter installation procedures for the current year. Water is still
added to the silica flour during installation to ensure that good contact
js achieved between the native soil and the lysimeter. A 10 mg/L potassium
bromide (KBr) tracer was added to the water to determine when valid samples
can be collected.
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3. STATUS OF POROUS CUP LYSIMETERS INSTALLED AT THE RWMC

TABLE
Depth
Instrument Date Installed
Number Installed (ft=in.) Status of Lysimeter
Borehole D06
OLO1 09/12/86 88-0 holds pressure but soil dry
bLoZ 09/12/86 44-0 uses 5.0-gal air tank
Auger Hole TWil
DLG3 06/25/87 226-11 may be too dry to sample
DLO4 06/25/87 101-8 good condition
Auger Hole D15
DLOS 09/15/87 222-11 not sampled yet
DLOG 09/15/87 97-11 not sampled yet
DLO7 11/04/87 32-2 not sampled yet
Auger Hole W02
Lol 06/14/85 14-0 uses 7.5-gal air tank
Auger Hole W03
Loz 06/17/85 10-6 uses 7.5-gal air tank
Auger Hole W04
LO3 06/15/85 24-6 uses 7.5-gal air tank
LO4 06/19/85 15-5 uses 7.5-gal air tank
L05 06/19/85 6-2 holds pressure, but temporarily
dry
Auger Hole W20
LO6 06/28/85 6-8 teflon, no sample®
Auger Hole W23
107 06/28/85 18-10 tefion, no sample®
L08 06/28/85 11-10 uses 7.5-gal air tank
L09 06/28/85 7-8 good condition
Auger Hole T23
L10 07/02/85 19-0 teflon, no sample?
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TABLE 3. (continued)
Depth
Instrument Date Installed
Number Installed (ft-in.) Status of Lysimeter

Auger Hole C02

L11 07/03/85 4-4 teflon, no sampie®

Auger Hole W08

L12 07/09/85 22-1 requires 5-gal air tank

L13 07/09/85 11-4 good condition

L14 07/09/85% 6-2 uses 7.5-gal air tank

Auger Hole PAQ1

Lis 07/11/85 14-4 good condition

Auger Hole PAC2

L16 07/11/85 8-8 good condition

Auger Hole THO2

L17 06/07/85 6-0 good condition--soil temporarily
Gry

Auger Hole THO4

L18 04/23/85 4-0 good condition--soil temporarily
dry

Auger Hole (01

LiS 08/06/86 17-8 good condition

L20 08/06/86 7-5 good condition

Auger Hole THOS

L21 09/08/86 15-2 requires air tank, size not
determined

L22 09/08/86 5-11 good condition

..... Unata LINO
nuycr Ui WUz
L23 09/17/86 14-10 good condition
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TABLE 3. (continued)

Depth

Instrument Date Installed
Number Installed (ft=in.) Status of Lysimeter

Auger Hole W05

L24 09/22/86 15-11 good condition

L25 09/22/86 10-0 good condition

L26 09/22/86 6-8 good condition

Auger Hole W06

L27 09/23/86 11-9 good condition

Auger Hole W25

L28 09/24/86 15-6 requires 2.5-gal air tank

Auger Hole W13

L29 09/20/86  14-0 requires 2.5- or 5-gal air tank

L30 09/28/86 6-8 good condition

Auger Hole W17

L31 09/29/86 19-7 good condition=--soil temporarily
' dr

L32 09/29/86 10-11 gegd condition--seil temporarily

dry

a. Teflon lysimeters have Tow air entry values and therefore will not
collect samples except when the soil is nearly saturated.

‘Qa

Tabie 4 shows the results of the most recent soil-water sample
analyses for major ion chemistry from lysimeters installed during FY-1986
and FY-1987. It should be noted that with the exception of DLO4, bromide
tracer was not detected in any of the samples analyzed. This indicates
that water (and KBr) added to the borehole during installation of the
silica flour has either dissipated into the surrodnding sediments, or has
been removed during the previous sampling event. The chemical data shown

in Table 4 can thus be considered representative of the sediment water.
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MAJOR TON CHEMISTRY IN SOIL-WATER SAMPLES FROM THE RWMC

TABLE 4.
Lysimeter Date
Number Sampled
pLO? 9/02/87
BLO4 8/10/87
LUl 9/03/87
102 9/04/87
L03 9/05/87
104 /04 /86
108 9/04/87
LG9 9/02/87
L3 3/04/87
L15 4,08/87
Lig 3/03/87
L/ 9/03/87
L9 9/03/87
Lze 9/Q3/87
L 9/14/87
L23 9/08/87
L24 9/03/87
L25 9/03/87
L2b 9/03/87
Le7 3/04/87
.28 9/00/87
L29 8/27/87

a.

Na
(o)
1652.10

63.35

152.62
3920.00
438.83
381.49
1934.76
949.65
320.98
716.75
751.40
820.82
127.2%
30.98
106.46
45,34
335.87
2862.50
3785.00
241.19
36.77
173.00

Total dissolved solids.

K Ca Fg $i05 B L S In HCO 3 cL F 50, Br

{mg/L)} (mg/L) {mg/L} {mg/LY (mg/L} (mg/L) {mg/L)} {mg/L)} (mg/0) {ma/L} {mg/L} (mgq/L) {ma/L}
36.14  488.37  371.98 81.40 0.00 0.10 2.93 0.51 125,00 3150.00  0.50  1430.00  9.00
5.65  116.44 26.79 76,94 0.05 0,10 0.75 0.00 297.00 135.00 0,38 1L 7.7
1.19 34,75 10.53  76.99 0.16 9,00 0.27 0.06 498,00 34,00  1.50 97.00  0.00
26.35 243475  1465.00  79.8D 0.00 .11 16.78 1.06 196,00 12,500.00  0.34 0.00  0.00
2.0 61.8) 21,47 §7.75 0.14 0.0R 0.45% 0.5)  1387.00 5.00 0,72 139.00  0.00
3.64 81.01 45,32 72.03 0,24 0,08 0.81 0.49 173,00 .00 V.40 194,00 0,00
1.6 416.87  104.87 84.33 0.6 n.0? 1.89 0.48 540,00 1465.00  0.3%  2063.00 0,00
5.99 58.16 35.83  87.33 0.62 0.08 0.84 0.31  11B4.00 524,00 (.95 £58.00  0.00
18.00  126.15 79.41 78,46 0.28 0,06 1.37 0.32 727.00 75.00 0,75 654.00  0.00
5.16 77.59 4%.88 75,19 1.52 0.00 0,64 0.00  1560.00 153,00 2.00 372.00  0.00
.34 69.05 41,75 70.73 1.23 0.00 0.63 0.00  1A21.00 173.00  2.10 377.00  0.00
7.23  215.82 112,23 81.7% 0.11 0.16 1.87 0.00 893.00 239,00 0,77 1690,00  0.00
2.47 69,31 23.29 79,03 0.06 0.00 0.47 016 152,00 17.00  0.73 355.00  0.00
2.70 90.58 29.06  91.32 0.0 0.00 0,73 0.00 179,00 5.00 0.48 293.00  0.00
5.10 61.55 16,23 72,82 0.00 9,00 0.5 n.08 388,00 1.40  0.73 150.00 0,00
3.95 108,32 49.72 74,62 0.07 0.00 0.97 0,00 453.00 42.00 0,24 167.00  0.00
3.16 61.96 39.67  72.97 0.10 0.00 0.4 0.00 474,00 136,00  ©.40  4A7.00  0.00
14.18  2060.25 1664.00 74.77 0.56 013 15.28 0.44 193.00  10,900.00  0.30  2060.00  0.00
18.70 1258.25 1127.00 84.72 1.37 0.18 14,03 0.24 231.00 9075.00  1.16  2290,00  0.00
2.72 34,57 16.87  17.88 0.27 0.00 0.26 0.13 479,00 17,00 0.97 257.00 0.00
4.60  114.86 48.39 76,03 0.08 0.00 1.10 0.07 453.00 34.00 0,35 169.00  0.00
6.50 77.24 67.75  71.9% 0.29 0.04 1.00 0.15 213.00 74.00  0.95 48,00 0.00

POg
{mg/L)
z2.04
0.00
0.06
0.00
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TDsa

{ma/L)

7315.00
686,00
598.00

23,128.00
0.00

1294.00

(222.00

3170.00

1848.00

2392.00

#388.00

3818.00
792.00
668.00

0.00
3094.00
1438.00

20,390.00
t7,670.00
900.00
744.00
1236.00




DLO4 was the only FY~1987 installed lysimeter sampled. The presence of
bromide in the DLO4 chemical data suggests that the water used during
borehole construction and instrumentation is still present in the immediate
vicinity of the Tysimeter.

Overall, the soil waters from the RWMC show a broad range in
composition. The only parameter to show consistency is dissolved silica.
The recorded concentrations are indicative of equilibration between the
soil water and the silica flour emplaced during berehole construction and

instrumentation, and not the result of natural soil processes.

Elevated concentrations of Na, K

e

Ca Ma. £C1. &N and tntal
~ Ty vy SV ant LoLal

dissolved solids were recorded for five soil water samples collected from
tysimeters DLO2, LO2, LO8, L25, and L26. The five lysimeters ar

randomly over the RWMC. Natural soil exchange

part of the Na, K, Ca, Sr, and total dissolved solids detecte
lysimeters. It is known that a magnesium chioride solution w

treat roads for dust suppression at the RWMC, A1l tho

e located

process
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=
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F
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J
DLOZ are located in boreholes near treated roads. It is possible
MgC1 treatment has influenced the chemistry of soil waters near these
ha

roads. However, it should be pointed cut that the

L ARL"Y

Table 4) that show low concentrations of magnesium and chloride, even
though they, too, are located in close proximity to these roads.

No apparent trends exist for other ions showing elevated
concentrations. At the present time, the number of analyses for individual
h b

lysimeters is insufficient to show any trend

L hd CARR A L] HIIJ
mentioned lysimeters show consistently hi n concentrations.
Two or three samplings per year would al lysis and detection

f t

of trends, as well as the evaluation g

LT ENL> = = r R wiim = VTR wemw o wrl

fluctuations.
Twelve soil water samples collected from 1

c
radiochemical analyses. The results of these analyses are presented in
Section 5.6.
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5.3 Organic Vapor Charactaerization

5.3.1 Introduction

Organic constituents were detected in water samples collected from
RWMC aquifer monitoring wells and by personnel involved in drilling
operations during FY-1987. These findings resulted in modifications to the
Subsurface Investigations Program and implementation of a new specific
study, Organic Vapor Characterization. The work done as a part of this new
study has produced a significant set of data that will require further
integration with the RWMC Subsurface Investigations Program. The following
discussion summarizes the results of the activities initiated late in
FY-1987 and early in FY-1988 in response to the detection of organic
constituents at the RWMC.

5.3.2 Summary of Accomplishments

Water samples were collected from RWMC aquifer monitoring wells and
analyzed for the presence of organic compounds. Organic vapors were
detected emanating from boreholes driiled during the deep drilling
activity. A survey of organic wastes stored at the RWMC was conducted. A
soil gas survey was conducted, and samples collected during the survey were

analyzed.
5.3.3 Discussion

In response to a DOE request, groundwater samples were collected in
June, July, and August 1987 from wells in and associated with the RWMC.
Samples were analyzed for 36 purgeable organic constituents (Table 5):
Concentrations of carbon tetrachloride (CBT), chloroform, 1,1,1
trichloroethane {(TCA), and trichloroethylene (TCE) were found above
detection Timits in several RWMC wells (see Table 6), although all samples
but one were below proposed EPA maximum concentration levels of 5 ug/L for
drinking water. Llocations of the RWMC production well, perched water
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TABLE 5. PURGEABLE ORGANIC COMPOUNDS FOR WHICH ANALYSES WERE PERFORMED

Benzene Cis-1,3-Dichloropropene
Bromoform Trans-1,3-Dichioropropene
Carbon tetrachloride 1,3-Dichloropropene
Chlorobenzene Ethylbenzene

Chloroethane Methy!l bromide
2-Chloroethyl vinyl ether Styrene

Chloroform Methylene chleoride
Chloromethane 1,1,2,2-Tetrachloroethane
Dibromochloromethane Tetrachlorcethylene
Dichlorebromomethane Toluene
1,2-Dichlorobenzene Trichlorofluoromethane
1,3-Dichiorobenzene 1,1,1-Trichloroethane
1,4~Dichlorobenzene i,1,Z2-Trichioroethane
Dichlorodifluromethane Trichloroethylene
1,2-Dibromoethylene Vinyl chloride
1,1-Dichloroethane Xylenes, mixed
1,2~Dichlorcethane

1,1-Dichloroethylene

1,2-trans-Dichloroethylene

1,2-Dichloropropane

well 92, and aquifer wells 87, 88, 89, and 90 are shown in'Figure 24,
Wells 9, 105, and 109 are located about 2 miles south of the RWMC near the
INEL boundary, and well 86 is located about 4 mi west of the RWMC.

Resampiing of the RWMC aquifer monitoring wells and the RWMC
production well was performed in October 1987 under rigorous sample
collection and quality assurance/quality control procedures. Ouplicate
samples were provided to EG&G Idaho subcontractor Taboratories and the
USGS Laboratory in Denver.

The anaiytical resuits show repeatabie detections of organic
constituents in water samples from RWMC aquifer wells 87, 88, and 90, and
significantly high concentrations in perched well 92 water samples.

Well 88, which lies downgradient from the RWMC with respect teo agquifer
flow, showed the highest concentrations of volatile organic compounds
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TABLE 6. RWMC AND VICINITY GROUNDWATER MONITORING RESULTS (ng/L)2
Carbon 1ot 1= Dichioro- 1,1- 1,1-
Well Date tetra- Trichloro- Trichloro- Tetrachloro- difiuoro- Dichlero- Oichloro-
Number Sampled thloride Chlorgform elhane ethylene ethylene methane Toluene ethane ethylene Remarks
87 06/03/1987 3.0 3.0 3.0 3.0 3.0 3.0 1.0 3.0 3.0 -
08/11/1987 6.3 0,2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 --
09/23/1987 0.7 0.2 0.2 0.2 0.2 6.2 0.2 0.2 0.2 --
g8 06/03/1987 6.6 KN ) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 --
07/08/1987 2.7 0.2 0.6 1.1 0.2 0.3 0.2 0,2 2.2 40 minutes of pumping
3.2 0.2 0.7 1.2 0.2 0.2 0.2 0.2 0.2 1 hour of pumping
3.1 0.2 0.7 1.2 0.2 0.2 0.2 0,2 0.2 2 hours of pumping
2.9 0.2 0.6 1.2 0.2 0.2 0.2 0.2 0.2 3 hours of puwping
2.8 0.2 0.6 1.2 0.2 0.2 0.2 0.2 0.2 4 hours of pumping
07/15/1587 4.4 1.0 0.9 1.4 0.2 0.2 0.2 0.2 0.2 --
08/11/1887 2.1 0.4 0.4 1.2 0.2 0.2 0.2 0.2 0.2 .-
09/22/1987 2.9 0.7 0.5 1.3 0.2 0.2 0.2 0.2 0.2 --
B9 06/03/1967 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 --
08/12/1987 0.2 0.2 0.2 6.2 0.2 0.2 0.2 0.2 0.2 --
09/22/1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2
90 06/03/1987 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 -
08/11/1987 0.6 0.? 0.2 0.2 0.2 0.2 0.2 0.2 0.2 --
0972371987 0.8 0.2 0.2 0.3 0,2 0.2 0.2 0.2 0.2 -
9 07/30/1987 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 --
10/05/1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 --
86 08/04/1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 --
10/06/1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 --
105 07/30/1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 -
09/28/1987 0.2 0.2 0.2 0.2 6.2 0.2 0.2 0.2 0.2 .-
0.2 0.2 0.2 0.2 D.2 0.2 0.2 0.2 0.2 0A Replicate
109 0773171987 0.2 0.2 0.2 0.2 0.2 0.2 0.7 0.2 0.2 --
10/05/1987 0.2 0.2 0.2 0.2 0.2 0.2 1.0 0.2 0.2 -
gzb 10/23/1987 1,200 650 140 860 110 0.2 0.2 3 0.8 3.1"2,2-Tetrachloro-
ethane, 1.0 pg/L
- 1,2-Dichloropropane,
5.9 ug/L
10/22/1987 0.2 0,2 0.2 0.2 0.2 0.2 6.2 0.2 0.2 Equipment blank for

well 923
styrene, 0.5 9/l
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TABLE 6. continued

Carbon 1,1,1- Dichloro- 1,1- Y. 1-
Well Date tetra- ' Trichloro- Trichloro- Tetrachloro- difluoro- Dichloro- Dichloro-
Number  Sampied chloride Chloroform ethane ethylene ethylene methane  Toluene  ethane ethylene Remarks
06/03/1987 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 -~
08/11/1987 1.0 0.2 0.2 0.5 0.2 0.2 0.2 6.2 0.2 --
0972371987 1.3 0.2 0.3 0.5 6.2 0.2 0,2 0.2 ; 0.2 -
10/14/1987 1.5 0.2 0.5 0.6 G.2 0.2 0.2 0.2 0.2 --

a. Analytical results in yg/L (micrograms per liter); indicates the conceniration was less than the reporting level.

b. Well 92 taps a perched water body; these samples were not taken from the Snake River Plain Aquifer.
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(VOCs) in the aquifer, primarily carbon tetrachloride, trichloroethylene,
and 1,1,1-trichloroethan
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TABLE 7. RESULTS QF ANALYSIS OF GAS SAMPLES FROM BOREHOLES D02 AND D10

{(ug/L) (Groenewold and Pink, 1987)

002 D10 Twa’
Chloroform 210 E, 12 SOI
1,1,1-Trichloroethane 95 14 15 4531
{arbon Tetrachloride 900 130 140 305’I
Trichlaorcethylene 220 34 38 270I
Tetrachloroethylene 20 9 g 33EI
Toluene -- -- -=
a. EPA time weighted average values
S Occupational exposure to skin.
I Occupational exposure for inhalation.
TABLE 8. BOREHOLE GAS SAMPLE ANALYSIS RESULTS (wg/L)

(Groenewold and Pink, 1987)
Field

Borehole po2 D10 89 po2®  pio*  118* - Blank
Chloroform 230 ¢ 1 0.4 N.D.® ND. 0.9
1,1,1-Trichloroethane 120 11 0.8 0.4 N.D. N.D. 2.0
Carbon Tetachloride 1000 200 8 3 N.D. N.D. N.D.
Trichloroethyene 380 17 3 0.5 N.D. N.D. N.D.
Tetrachloroethene 62 7 0.4 N.D. ND. N.D. N.D.
Toluene 0.3 - -- -- -- - -

a. Working level around hole; sample drawn approximately 3 ft above the

opening of the borehole.

b. Not detected.

56



TABLE 9. SDA GAS SAMPLE ANALYSIS RESULTS? (ug/L)

Pad A Pad A Pit 17 B;;Et}Zg
Location - Control South North West-Wall Area
Chloroform N.D.P 2 N.D. N.D. N.D.
1,1,1-Trichloroethane N.D. 1 0.3 N.D. N.D.
Carbon Tetrachloride N.D. 17 N.D. --¢ N.D.
Trichloroethene N.D. 5 N.D. N.D. N.D.
Tetrachloroethyene N.D. 0.5 N.D. N.D. N.D.
Tolune N.D. 1 N.D. N.D. N.D.

a. Working Tevels.
b. Not detected.

¢. The sample was cross-contaminated during analysis.

a request by the RWMC for estimates on halogenated solvents disposed of at
the RWMC, interviews with waste management personnel familiar with the

history of RWMC operations, and estimates of Rocky Flats Plant (RFP)
transuranic waste disposed of at the RWMC.

The information presented in Table 10 represents an estimate of the
amount and types of hazardous materials disposed of at the RWMC, based
primarily on past database records. Based on this estimate, the totai
volume of potentially hazardous waste buried in the SDA is 49,080 cubic
feet. This includes an estimated 11,816 cubic feet of buried TRU organic
wast

transuranic (TRU) waste, include 23,400 gallons of oils in 0il1-Dri, 10,200
gallons of acids in various absorbent materials, 27,600 gallons of sodium

s. Major contributers to this volume, other than the organics from

{in contaminated pipe), and 6,900 gallons of caustic material. In

addition, 53,700 gallons of Santo Wax from the Organic Moderated Reactor
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TABLE 10. ESTIMATES OF HAZARDOUS MATERIALS DISPOSED OF IN THE RWMC
~ SUBSURFACE DISPOSAL AREA

Volume Volume v

g _ .3, k3 folume

Material (m™) (ft7) (gal)
Rags? 128 4,500 N/A
il (in absorbent) 89 3,100 23,400
Lead 170 6,100 N/A
Asbestos/Lagging 100 3,500 N/A
Ethylene Glycol 1.5 50 390
Mercury 8.5 300 2,240
Acids (HF, HC1, etc. in absorbent) 38 1,400 10,200
Organics {Ether, etc.) 25 900 6,700
Santo Wax” 200 7,100 53,700
Sodium, Sodium compounds and pipe 105 3,700 27,600
Batteries 0.5 20 N/A
Benzene 0.1 3 20
Animal Carcasses and Feces 71 2,500 N/A
Vehicles® 24 860 N/A
Cyanide <0.01 <0.35 . N/A
Meat w/Botulinus 0.05 0.25 N/A
Tritium Vials 2 64 N/A
Zirconium Chips 30 1,100 N/A
Caustic Compounds 26 930 6,900

{(NaQH in absorbent, etc.)

Paint Chips & Cans 6 210 1,600
Gasoline (absorbed) 5 180 1,300
Ammonia Bottles 0.2 7 N/A
Thallium Oxide <0.1 <3 -N/A
TRU Texaco Regal 0i1 148 5,215 39,018
TRU Carbon Tetrachloride 92 3,263 24,413
TRU Other Organics 94 3,338 24,968
Trdkoal famemmn I Y 1 200 A0 Nan 299 d:nd
Iveal \QppivAlIla we y gy DS TS i y Fodl

a. The quality identified assumes 5% of the total rag inventory at the
RWMC is oil/solvent soaked.

b. Santo Wax is from the Organic Moderated Reactor Experiment (OMRE)}; it
may not be a hazardous material.

-~ Unhdmalane Adermmen M Af ak bha DULME LiAaws scciimard +mn ha rhn‘iugn intn +hﬂ
LI UEIII\-IED UIDPUDCU Wi a b [SI N L= nwri MO T S22l ::u Wi/ WS Wt L ¥FGLY Pl W i
pits with fuel, oil, antifreeze, and batterles left in place. The volume
indicated represents 5% of the tota¥ vehicle volume.

d. Gallons are not volume equivalent due to some solid materials.

N/A Volume, in gallons, is an inappropriate measure for these materials.
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Experiment (OMRE) was disposed of, although it may not be a hazardous
material. A complete 1ist of the materials is provided in Table 10.

Most of the TRU-contaminated organic wastes from RFP was received as
Organic Setup sludges. These sludges are liguid organic wastes that are
mixed with calcium silicate to form a grease or paste-like material.
Normally, small amounts of absorbent, such as 011-Dri, are altso mixed with
the waste. These organic wastes are mainly lathe coolant [machining oil
and carbon tetrachloride, trichloroethyiene, and tetrachloroethylene
(PCE)]. Of this material, approximately 24,400 gallons are estimated to be
carbon tetrachloride. The remaining volume consists of approximately
39,000 gallons of Texaco Regal 0il used in machinery processes and 25,000
gallons of miscellaneous organic wastes (1,1,1-trichloroethane,
trichloroethylene, tetrachloroethylene, and lubricating eils). Prior to
1971 or 1972, this mixture was wrapped in plastic bags and placed in
55 gallon drums. Since 1972, 90-mil rigid polyethylene drum liners have
been used inside the 55 gallon drums. A1l TRU waste received prior to 1970
was disposed in the SDA. Receipt of organic wastes from RFP began in
August 1966. During 1967-68. the backlog of organic waste {primary lathe
coolant) generated during 1953-66 at RFP was processed and shipped to the
RWMC for disposal. The RFP organic wastes currently exist in Pits 4, 5, 6,
9, and 10 (Figure 24), although the quantities and exact disposal locations
within each pit are uncertain.

Because of the lack of data, some potentially hazardous materials were
not included in Table 10. These are:

* Sludges (sewage, evaporator, tank bottom, etc.)
e Resins
(] Acid pit contents.

Studges and resins were not included because of the diversity in
sources, and, consequently, the variety in potential constituents. Acid
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pit contents were not included because of lack of data. Preliminary
interviews indicate that routine disposal of free liquid "cleaning
solutfons" occurred during the 1960s, but actual volumes and contents are
uncertain.

As presented, the table represents a conservative estimate of tHe
hazardous constituents in the SDA. Further efforts to quantify and

categorize materia

5.3.3.2 Soil-Gas Survey. Golder Associates of Redmond, Washington,

survey
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was to determine the identity,
selected chlorinated and aromatic YOCs in the vadose zone at the RWMC and

To provide a comprehensive analysis of the SDA, a grid with 200-f¢
spacing in north-south and east-west directions was defined. r
covered the SDA and the TSA and extended approximately 600 fi beyond
fence of the SDA. A1l of the grid points inside the SDA were sampled.
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Sampling of the grid generally stopped one row beyond the 5DA fence. In
addition to the grid locations, 63 supplemental locations were sampled.
Many of these locations were selected to better define areas where high
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tevels of VOCs were detected.

5.3.3.3 Sampling Procedure. Soil gas was extracted by installing a

5/8 in. 00 carbon steel pipe into a 1/Z in. hole driiied approximately
30 in. into the ground using a hand-held electric driil. One end of the
pipe was fitted with a metal cap to prevent clogging, and the pipe driven
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steel rod inserted through the pipe. A battery operated pump was attached
to the top of the probe using a stainless steel quick-connect coupler and
surgical rubber tubing. Three te ten pipe volumes were pumped
probe. An organic vapor analyzer (OVA or HNU) was used to monitor the
discharge from the sampling pump. Gas concentrations in the discharge
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ized very quickly.
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inside the stainless steel quick-connect by inserting a hypodermic needle
on a glass syringe through the surgical tubing. The syringe was then
sealed and transported to the field analytical laboratory.

Exceptions to this procedure occurred at the west end of the SDA and
where previously installed access tubes existed. At the west end of the
SDA, sample probes were driven only 12 in. into the ground because of
concern for transuranic waste near the surface. Gas samples were collected
from holes 77-1, 78-1, and WwW-1, by pumping through the existing 1/4 in.
ID tubing. Samples from neutron access tubes, pits 19 and 20, and within
stored transuranic waste in the TSA were collected by lowering a 1/4-in. ID
stainless tube down the existing access tube, sealing the top of the access
tube, and pumping the sample from the bottom of the access tube.

5.3.3.4 Gas Analysis. Analysis of soil gas samples was performed in

a field laboratory set up in a trailer immediately to the north of the
SDA. Analyses were performed with an HNU Model 321 field gas chromatograph
(GC). The GC was equipped with two silica capillary columns and electron
capture and photoionization detectors. Standard mixtures of VOCs were
prepared by serial dilution of pure chlorinated and aromatic compounds in
dodecane or hexane. Soil gas samples were directly injected into the GC
for analysis and the response compared to those of VOC standards. Each
sample was screened for 10 chlorinated and two aromatic compounds

(Table 11). Chloroform was intended for analysis, but in most
chromatograms, the elution of chloroform was obscured by large
concentrations of 1,1,1-trichloroethane and carbon tetrachloride.

Therefore, no chloroform results are reported from the survey.

A major concern of quality control is to ensure that there is no
carry-over of VOCs between samples from contamination of sampling probes,
the sampling train, or syringes. All syringes were cleaned using hexane
and heated in an oven at 100°C for 10 to 15 minutes before reuse. After
cleaning, the syringe was tested by pulling ambient air into the syringe
and injecting into the GC. If VOCs were detected by the GC, the syringe
was cleaned again. To check for possible cross contamination in the

sampling train, blank samples were collected by pulling air through a probe
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TABLE 11. TARGET COMPOUNDS FOR THE RWMC SOIL GAS SURVEY -

Detection Limit

Compound (u/L)
1,1,1-Trichioroethane 0.01
Carbon Tetrachloride 0.01
Trichloroethylena 0.01
Tetrachloroethylene 0.01
1,1-Dichliorcethylene 0.6
Methylene Chloride 0.8
1,2-Trans-Dichloroethylene 0.6
Trans=1,3-Dichloropropene 0.5
1,2-Dichloropropane 0.6
1,1,2-Trichloroethane 0.6
Benzene 1.0
Toluene 1.0

before installing it in the ground. This sample was then analyzed with the
GC. Twenty four such samples were collected and showed that, at most,
barely detectable quantities of VOCs were carried over between samples.

In addition, grab air samples were collected during the investigation
by INEL personnel and independently analyzed for VOCs. Initial comparisons
of the Golder and INEL data are consistent with one another. Further-
analysis of these data sets is continuing.

5.3.3.5 Results. Of the 12 compounds screened by the survey
{Table 11), only four were identified: 1,1,l-trichloroethane, carbon
tetrachloride, trichlorcethylene, and tetrachloroethylene. As indicated
above for chloroform, the GC is not capable of analyzing a complete suite
of compounds under all conditions. The numbers generated by the survey
give an accurate indication of the relative amounts of VOCs in soil gas at
the RWMC, but they do not provide a rigorous quantitative analysis of all
the organic compounds. A summary of the soil gas survey data is provided
in Appendix C.
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An evaluation of the four primary constituents indicated that
concentrations of carbon tetrachloride correlate closely with
concentrations of trichloroethylene and tetrachloroethylene. Figures 25
and 26 show that most of the samples with high concentrations of carbon
tetrachloride also have high concentrations of trichioroethylene and
tetrachloroethylene. This relationship suggests that these constituents
are mixed together at the source(s). However, the correlation between
carbon tetrachloride and 1,1,1-trichloroethane (Figure 27) is substantially
different. A significant percentage of the samples high in carbon
tetrachloride did not contain detectable levels of 1,1,l-trichloroethane,
and vice versa, while some samples contained both constituents in nearly
equal proportions. These results suggest that there may be some sources
where both constituents occur mixed in near equal proportions and other
sources where they occur separately within the SDA. Additional analysis of
these data is necessary to address the specific physical and chemical

properties of each constituent. This additional effort will be performed
in support of the computer modeling activities in FY~1988,

The spatial distribution of carbon tetrachloride is shown in
Figure 28. The distributions of trichloroethylene and tetrachiorvethylene

(see Figures 29 and 33) are similar to the distribution of carbon
tetrachloride. Of these three, carbon tetrachloride is the most prevalent
and tetrachloroethyiene the least prevalent. These compounds exhibit-

-

highest concentrations near the southern end of Pit 9, the northern end of
Pit 5, the eastern end of Pit 4, and the western end of Pit 10 (compare
Figure 24). A lesser area of contamination by these three compounds occurs
st an area

at and near Pit 2. Whether this areaz is a sourc

{D

area or ju
where organic vapors accumulate is not clear. Only carbon tetrachloride
appears to show movement of plumes away from the pits. There is a

concentration of carbon tetrachloride under the drainage ditch along the

I -

north boundary of the SDA, and there may be a plume moving to the southwest.

1,1,1-trichloroethane showed a behavior different from that of the

other three VOCs (Figure 31). The highest concentrations of
1,1,1-trichioroethane were found in the southern end of Pit 5, the middie
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Figure 31. Isopleth map of the concentrations of 1,1,1-trichloroethane
measured at the RWMC [units of micrograms per liter (ug/L)].

of Pit 3, and near the southeast corner of the SDA. High concentrations of
1,1,1=trichloroethane were also found associated with Pit 2, Trenches 24,
29, and 32, and Pit 4. (Trenches 24, 29, and 32, not shown on Figure 24,
are tocated east of Pit 2 and north of the west end of Pit 4.) The area of
Pit 4 highest in 1,1,1-trichloroethane does not correspond to the area
highest in carbon tetrachloride.

Samples were collected from access tubes in the TSA pad and neutron
access tubes installed in the SDA. At the TSA pad, moderate concentrations
of carbon tetrachleride, trichlorcethylene, and 1,1,1l-trichloroethane were
found. The neutron access tubes are open only just above the basalt; this
removes the effects of overiying soil on VOC concentrations. Values
measured in the neutron access tubes were generally higher than soil gas
concentrations measured nearby but followed the trends shown by the
shallower samples.

Soil gas sampies were also collected along roads running to the north,
east, south, and west of the SDA. Detectable levels of carbon
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tetrachloride were found 2500 ft north, 3400 ft east, 1900 ft west, and
2200 ft south of the SDA fence. Only the northernmost sample did not have
detectable concentrations of VOCs.

Figure 27 shows that some soil gas samples from the RWMC contained
carbon tetrachloride but no 1,1,1-trichloroethane. Other samples contained
1,1,1-trichloroethane but no carbon tetrachloride. A third group of
samples showed a near 1:1 ratio of carbon tetrachloride to
1,1,1-trichloroethane. Whether this indicates three distinct source
materials, two pure source materials which mix, or some other possibility
is not clear, Figure 32 shows the spatial distribution of these samples.
The areas of pure 1,1,1-trichloroethane are generally surrounded by areas
of gas mixtures. This suggests that samples with both carbon tetrachloride
and 1,1,1-trichloroethane are the result of gas mixing in the subsurface.
However, the samples from the TSA also show a 1:1 gas mixture. This area
is aboveground on an asphalt pad, and all gases sampled from the TSA iikely
originated in the TSA. Therefore, some of the source material probably
contains a mixture of both organic compounds. Additional analysis of the
data is necessary to determine the types and extent of sources of VOCs at
the RWMC.

The results portrayed in Figures 28 through 32 are not fully
consistent with the existing RFP source term data. Therefore, additional
jdentification of source term data is needed. Some of the VOCs may be
coming from wastes that originated at the INEL.

Samples collected from three deep boreholes at the RWMC (gas sampling
holes 77-1, 78-4, and WWW-1; see Figure 13 for locations of these holes)
indicate the VOC concentrations with depth. Each of the three holes is
instrumented with gas sampling ports at multiple depths. Table 12 shows
that maximum concentrations generally occur at depths near 100 ft (80 to
150 ft). Concentrations drop off at depths greater than about 170 ft, but
detectable concentrations were measured in all samples, including a sample
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TABLE 12. RESULTS OF ANALYSIS OF DEEP BOREHOLE GAS SAMPLES TAKEN DURING SOIL GAS SURVEY (n.g/L)

Sample

Bore-~ Depth Carbon Tri Tetra
hole East North (ft) 1,1,1-Trichloroethane Tetrachloride Chloroethylene Chloroethylene
Wik1-1 -1600 1800 15 <0.01 8.8 1.6 0.4
WiWW1-2 -1600 1800 48 <0.01 8 1.2 0.4
WWW1-3 -1600 1800 74 <0.01 30 3.8 0.9
WiW1-4 -1600 1800 112 P _ 6.6 | 0.4
WWW1-5 -1600 1800 135 P 28 4 1
WWW1-6 -1600 1800 180 P 3 2 0.4
WWW1-7 -1600 18C0 240 <0.01 0.9 p P
77-1-2 2175 2900 N P 2.3 0.04 0.1
77-1-3 2175 2900 153 5.0 20.0 5 2.4
77-1-4 2175 2900 112 5.0 20.0 4 i
77-1-5 2175 2900 104 0.8 4,0 0.9 0.4
77-1-6 2175 2900 66 7.0 4,0 8 2
78-4-13 2175 2975 335 <(0.01 0.6 0.04 0.04
78-4-2 2175 2975 253 <0.01 2.0 0.03 .03
78-4-3 2175 2975 227 <0.01 0.1 <0.01 <0.01
78-4-4 2175 2975 118 <0.01 26.0 6 2
78-4-5 2175 2975 78 <0.01 36.0 9 2

Note: P indicates that the constituent was detected at an unquantified level.




collected at 355 ft. The elevated concentrations at depths around 100 ft
are consistent with modeling results that suggest the interbed at 110 ft is

gas at the RWMC, carbon tetrachloride, 1,1,1-trichioroethane,
trichloroethylene, and tetrachloroethylene are migrating from a number of
of organic compounds are Pits 4, 5, 6, 9,
and 10. Soi oncentrations measured immediately adjacent to the pits,
but not over the pits, showed markedly lower concentrations, indicating a
definite source within the pits. Measurable concentrations of VOCs occur
in soil gasses at distances from 2000 to 3400 ft from the SDA fence.
Analysis of gasses collected at depth under the SDA indicate maximum gas

concentrations around 100 ft, and measurable concentrations down to 576 ft.

5.4 Net Downward Flux

5.4.1 Introduction

The objectives of this study are to determine the volume and rate of
moisture fnflow through the SDA surface, identify pathways of moisture
migration, characterize the effect of lithologic interfaces on moisture
movement, and develop data describing moisture entry into the ground and
moisture movement through the unsaturated zone for verification of a
simulation model. |

This study is using in situ field equipment to measure and monitor
soil water content at the RWMC. The intent is to define the volume and
rate of moisture movement into and through the unsaturated zone and to
ineate moisture migration pathways through the unsaturated zone. These

11 be used to field calibrate a model to predict long~term migration
of radionuclides in the unsaturated zone. The study will require
instrumentation throughout the SDA to characterize moisture availability,
variability, and movement.
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5.4.2 Summary of Accomplishments

Two deep boreholes were instrumented with heat dissipation sensors and
suction lysimeters in FY-1987. A suction lysimeter and three heat
dissipation senscrs were installed in the 110-ft and 240-ft interbeds in
borehole TW1 and the 30-ft, 110-ft, and 240-ft interbeds in borehole D15.
Three additional heat dissipation sensors were installed in borehole D15 in
the Tower portion of the 110-ft interbed. Readings were taken from
twenty-three instrumented shallow monitor holes, two neutron access tubes,
and three deep boreholes on a monthly basis. Approximately 270 readings
were taken each month from these instruments. A data base was set up to
store the data collected from this program. Data were stored on an IBM-AT
using the DBASE III software package. An initial analysis of the existing
data was performed. A discussion of the trends and conclusions from this

analysis is presented along with recommendations for further work.
5.4.3 Discussion

Data collection from instruments installed for the RWMC Subsurface
Investigations Program began in June, 1985. To date, 34 holes have been
completed and 266 instruments installed. The instruments include
59 psychrometers, 98 heat dissipation sensors, 50 gypsum blocks,

19 tensiometers, 39 porous cup 1ysimeter§, and 2 neutron access tubes.
Data from these instruments (except lysimeters) are collected monthly. In
total, more than 10,000 measurements and matric potential values have been
collected.

Two days of field time are required to read the instruments. Only the
psychrometers are read with a data logger, and these readings may be iaken
without a person present. Readings from the other instruments are taken
visually from meters attached to the instruments. Readings are recorded in
the field and entered onto the RWMC database. Readings from the
psychrometers are downloaded from the data logger directly into the RWMC
database. Each month, 270 readings are taken from instruments within the
RwMC .
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To accommodate large volume of collected data, the RWMC Data
Management System (RWMC-DMS) was established. This database system has
program applications and special rcutines that were constructed using the
DBASE III Plus software package. Based on an IBM-AT, the RWMC-DMS may be
used to quickly and easily store the collected data, organize and retrieve
specific information, and print selected reports to either printer or disk
files. Files generated by the RWMC-DMS may also be transferred to other
software packages such as LOTUS 1-2-3 or Minitab for analysis.

Separate database files are used to store measured data for each type
of instrument. Two more database files contain basic information (dates,
coordinates, etc.) for each hole and calibration information for each
instrument. The RWMC-DMS is menu driven, providing simple and easy
movement from one database to another. Selections from these menus provide
basic functions such as adding and deleting information, or editing and
viewing specific entries. Searching and organization may be conducted on
any of the data fields using the built-in indexing options. Special
applications are still permitted using standard DBASE IIl Plus commands,
and new routines and utilities may be easily added to the existing RWMC-DMS
directory. Appendix D lists the structure for each major database file
utilized by the RWMC-DMS.

The following sections (Sections 5.4.3.1 through 5.4.3.7) present an
analysis of field data collected through November 1987 and recommendations
for further analysis. As a quality control measure, the data base has been
checked against the field record sheets for correct dates and readings.
Because of the large volume of data, only selected portions of the data can

be presented in this discussion. The bulk of the analyzed data is
presented in the appendixes in graphical form.

The data from tensiometers, gypsum blocks, heat dissipation sensors,
psychrometers, neutron logging, and porous cup lysimeters are presented and
discussed individually. Each instrument section describes the instrument,

explains and evaluates its performance, analyzes the measurement data, and
discusses the relative quality and usefulness of the data.
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The data from the tensiometers, gypsum blocks, heat dissipation
sensors, and psychrometers are presented in the form of matric potentials.
Matric potential is a negative pressure potential (less than atmospheric
pressure) which results from the combination of capillary and adsorptive
forces within the soil matrix. The negative pressure potential may be
expressed in negative pressure units (as a matric potential) or in positive
pressure units (as tension or suction). All three terms are used in the
Tfollowing discussions.

Following the presentation of all the instrument sections, the data
from all the instruments are summarized in terms of observed spatial
variation. The relative value of the different instruments used in data
collection is compared. Finally, general conclusions and recommendations
for future work are presented.

5.4.3.1 Tensiometers. Tensiometers measure the matric potential in

sediment for the range of 0 to 0.65 bars tension. A porous ceramic cup on
the tensiometer allows water within the instrument to equilibrate with the
matric potential of the material adjacent to the ceramic cup. The tensiaon
within the sediment is measured on a vacuum dial gauge. Further details
are given in the FY-1985 annual report (Hubbell et al., 1985).

Nineteen tensiometers were installed in surficial sediments within
10 auger holes as indicated in Table 13. Figure 2 (see Section 4.1.2)
shows the locations of the auger holes. Instruments were Jocated in holes
having moist to wet sediments, as determined by observation during
drilling. All of the instruments except T06 in T23 and T04 in W20 are
presently in use. T06 was removed due to maintenance problems and T04 ig
in a location too dry for the instrument to function. '

Matric potentials, total potentials (a combination of matric potential
and elevation potential), and hydraulic gradients for tensiometers were
plotted versus time for the period of record. The large volume of data
requires a short summary be presented in this report with a detailed
discussion presented for selected holes. Appendix E contains the graphs of
data for all the tensiometers not discussed in this section.
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TABLE 13. TENSIOMETER INSTALLATIONS

Denth Depth
Hole Date Instrument (m) o (ft)
PAl 07/16/85 T09 0.93 3.05
PA1 07/16/85 T08 1.84 6.03
PAl 07/16/85 T07 2.76 9.05
PAZ 07/16/85 Ti1 0.89 2.92
PA2 07/16/85 T10 1.80 5.90
723 07/02/85 T06 0.91 2.98
wo2 06/14/85 T01 1.83 3.67
wo2 06/14/85 T02 2.74 8.62
1"[0]3) 09/23/86 Ti7 0.91 2.98
wo6 09/23/86 T16 1.83 6.00
W06 09/23/86 715 2.74 8.98
wWi7 09/29/86 T1S 0.91 2.98
w17 09/29/86 T18 1.83 6.00
w20 06/28/85 T04 0.93 3.05
Wi 06/28/8% T03 1.37 4.49
W23 06/28/85 T05 0.93 3.05
w24 09/18/86 Ti4 0.91 - 2.98
w24 09/18/85% T13 1.83 6.00
w24 09/18/86 T12 2.74 8.98

Data for three tensiometers in hole W06 are presented in Figure 33 for
the period of October 1986 to November 1987. The tensiometers indicate the

t 3 ft below land

dryest (lowest matric potential) conditions are

surface (BLS) with progressively wetter conditions at 6 and 9 ft below land
surface. The instrument at 3-ft depth indicates the 1arges variation in

matric potential, with tha instruments at 6- and 9-ft depths showin

I 1 v UCP l 211U

g
progressively less variation over the same period of time. Fzgure 34
presents the total potential energy for the instruments relative to land
surface. These total potential data are used to calculate the gradients
Te

within the auger ho
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Figufe 35 presents the hydraulic gradients between the 3- to 6-ft
depth instruments and the 6- to 9-ft instruments. Upward flow is indicated
by positive values, and downward flow by negative values. This figure
indicates there is a marked difference in direction of water movement
between these depths. The upper 6 ft has upward flow from March to October

1887, whereas the interval from 6 to 9 ft shows downward flux t

time period excepting October 1987. The downward gradient in the lower two
instruments is greatest from January through April. The gradient is
+h

n <
|||vu Wil o

reversaed in October, due to evap nsp

These data indicate that there is a potential for downward migration of
water over a large portion of the year at this monitoring location.

Matric potential data for auger hole W17 are presented in Figure 36
for the period of December 1986 to November 1987. These data indicate that
the 3-ft instrument h
~ft instrument. The hydrau11c gradient presented in

a for upward movement of moisture in the

The influence of water loss due to evapotranspiration is seen in the
gradient approaching positive values.

Holes with multiple tensiometers showed the trend of decreasing
tensions with increasing depth. For a homogeneous material this would mean
FS

or

at
1 1% Y EI n

exception was auger hole W17, where the 3-ft depth had a smaller tension
f

as
than the 6-ft depth for a large portion of the year. The dryest reading

crmd o

, all
the range of field capacity (<20 bar tension). Field capacity is
4 .

are i
the peint where the sediment will not hold additional water without gravity
drainage. Tensiometers in auger holes W02, W06, W23, T23, PAO1 and PAQ2

have had readings at or above 0.0 bar, indicating saturation of the
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Total poteﬁtiai energy or hydraulic head {matric potential plus
elevation head) were calculated for several of the holes. These data were
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Eighteen of the nineteen instruments are located in areas where
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throughout the SDA, excepting the active pit. Several of these locations
(underlined above) had standing water around them during spring runoff.

Tensiometers are accurate in their operating range (20.02 bar
tension). They require little or no initial calibration, and replacement
parts are easily accessible. Little technical experience is required to
install, maintain, and operate them. They operate without complicated
electronics, require no power source, have a long field 1ife, and are
inexpensive.

Among their liabilities is their Targe size, which limits the hole to
three instruments, and their limited operating tension range. Their
maximum depth is limited by the height of the water column within the
instrument. One ft of water column is equivalent to -0.03 bar matric
potential. Thus a 9-ft instrument would only be able to measure +0,27 bar
(saturated) to -0.38 bar tension. It may be possible to install
instruments up to 12 ft deep, but the matric potential would need to be
less than -0.29 bar to obtain readings. They are difficult to operate as
constant recording instruments without the addition of complicated
electronics, and they require an operator present to take readings. Soil
freezing around them will affect readings, and maintenance during winter
months fs difficult due to the use of fluid (water and antifreeze) in the
instrument. |

Despite their drawbacks, tensiometers are the simplest and most
effective instrument to use in many circumstances. Their small effective
matric potential range and depth limitations restrict more widespread use
at the RWMC. Because of their relative accuracy, tensiometers should be
used whenever possible, |

5.4.3.2 Gypsum Blocks. Gypsum (or resistance) blocks measure the

matric potential of the soil. The gypsum blocks achieve a water tension
equilibrium with the surrounding matrix, and this matric potential is
measured by the resistance between two electrodes embedded in the gypsum
block matrix.
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A total of 50 gypsum blocks were installed in surficial sediments in
seven auger holes at the depths listed in Table 14. Generally, the gypsum
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with native backfill. A1l gypsum blocks (except those in TH4) were
calibrated from 0 to 10.0 bars of tension prior to tailation, Further
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matric potential measurements versus time. Figure 38 shows the
measurements recorded by instruments in auger hole PAOl at 9.5 ft below
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depth. To reconcile this range in matric potentials at each depth
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biocks. A standard deviation, a maximum value, and a minimum value were
also calculated for each depth to provide an indication of confidence and
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minimum values calculated from the matric potentials shown in Figure 38.
Mean values are used to analyze data trends, and the maximum and minimum
values show the actual data range. Additional plots of data derived from
gypsum blocks are presented in Appendix F.

Seasonal trends im matric potentials are similar fTor each hole.
Figure 40 summarizes the mean matric potentials for the 3.0, 5.0, 10.0 and
15.0 ft instrumented depths (BLS) in auger hole T23. Matric potentials
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matric potentials recorded

during the mid-winter months may be related to frozem conditions near the
surface, which can inhibit infiltration of water. In late spring and early
summer, infiltration can occur through snow melt and additional
precipitation, increasing the matric potential readings.



TABLE 14.

GYSUM BLOCK INSTALLATIONS
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TABLE 14. (continued)

Depth Depth
Hole Date Instrument g;; {ft)
W19 06/21/85 G4g 0.91 2.98
Wi9 06/21/85 G4l 0.91 2.98
Wig 06/21/85 G42 0.91 2.98
wig 06/21/85 GO5 1.52 4.98
W19 06/21/85 G4 1.52 4.98
wig 06/21/85 (06 1.52 4.98
Wig 06/21/85 G09 3.05 10.00
Wls 06/21/85 G08 3.05 10.00
wio 06/21/85 G07 3.05 10.00
W19 06/21/85 G10 4.57 14 .99
W19 06/21/85 Gl2 4.57 14.99
w19 06/21/85 Gl2 4.57 14 .99
~0.05
o
-0.05 -
E -0.15 -
&
£ -02 o
3
-0.25
~0.3
-0.35 = T T T T T T T T
02=Jun=85 19~Dec—-B5 07-Jul-86 23~Jan—-87 1i~Aug—~87
o Gt + G117 < G18
Figure 38. Mafric potential values measured from auger hole PADI at 9.5 ft
Ralmaw Tamd surface
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Figure 39. Mean, maximum, and minimum values calculated from the matric
potential data shown in Figure 38.
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Figure 40. Mean matric potentials for instrumented depths
in auger hole T23.
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The mean matric potentials at different depths within each hole were
compared. In general, the shallowest depth exhibited the largest

variations in matric potentials over time, whereas the variations in matric
potentials for the deeper gypsum blocks were generally damped or muted.

Figure 40 shows this trend for auger hole T23. The shallowest depth would
be expected to show the largest Lnange‘ in matric potential, in response to
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laboratory experiments, using the soil samples from those hoies. Neutron
logging, using logs calibrated to the soil profile, would also be beneficial.

The movement of water in the surficial sediments at the RWMC is an
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ue of concern. Hydraulic gradients were calculated for each
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time, to analyze the direction of water movement.

Figures 41, 42, 43, and 44 show the hydraulic gradients at the

indicated depths for holes T23, PAGl, W19, and W10, respectively.
Gradients for auger holes PAOl and T23 both exhibit downward flow, but T23

also shows upward flow from 5 ft to 3 ft. Hydraulic gradients for holes

W19 and W10 indicate predominantly upward flow, and this upward movement is
seen both at depth and within shallower intervals. Based on the results of
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ents
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nward movement of water is evident in the
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c
sedi but does not occur consistently across the SDA.
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Figure 41. Hydraulic gradients calculated for auger hole T23.
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Figure 42. Hydraulic gradients calculated for auger hole PAQl.
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Figure 44. Hydraulic gradients calculated for auger hole W10.
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For holes T23 and PAQl, tensiometer data were available for comparison
with gypsum block data at or very close to the same depths. The two
instruments compared favorably, in terms of matric potential readings and
general trends. This is seen in Figure 45, which shows the gypsum block
and tensiometer data from hole T23 at 3.0 ft BLS.

The gypsum blocks generally maintained good performance over the
present monitoring period and yielded retiable data. Dissolution of gypsum
blocks may occur over time; gypsum blocks located in wet areas are
especially susceptible to dissolution. However, only 6% of the total
number of gypsum blocks installed at the RWMC have failed to date.

5.4.3.3. Heat Dissipation Sensors. Heat dissipation sensors (HDS)

are electronic instruments used to measure the matric potential within a
porous medium. These sensors rely on differences in heat conduction caused
by changes in moisture content. They are calibrated to matric potential
using a pressure plate extractor so placement in different texture
sediments will not affect the readings. Further details on the sensors are
included in the FY-1986 annual report (Hubbell et al., 1987).

Seventy-one heat dissipation sensors were installed in 9 shallow auger
holes and twenty-seven sensors installed in three deep boreholes since
1986. Table 15 presents information on the sensors, including depth,
location, and date installed. Most of the sensors were installed with
three sensors at a depth (clusters)} to check reproducibility of
measurements. Sensors in deep boreholes are placed in sedimentary
interbeds or in a sediment-filled fracture zone within the basalt.
Instruments in shallow auger holes were installed at depths of 3 ft, 6 ft,
and 10 ft, and at subsequent intervals of 5 ft to the sediment/basalt
interface. Instruments were also installed immediately above the basalt.

The sensors are calibrated by their manufacturer, Agwatronics, of
Merced, California, in the range of 0.0 to 1.0 bar tension. Approximately
40% of the sensors installed in the field show readings within the
calibrated rangé. The other sensors show readings that, based on
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Figure 45. Matric potential readings from gypsum blocks and tensiometers
in auger hole T23 at 3-ft depth.

.
- 89



TABLE 15. HEAT DISSIPATION SENSOR INSTALLATIONS

Depth Depth
Hole Date Instrument (m) (ft)
D06 05/12/86 0654 13.11 43.01
D06 09/12/86 0501 13.18% 43.27
D06 09/12/86 0661 13.26 43.50
poé 09/12/86 0660 26.63 87.37
006 0%/12/86 £525 26.65 87.43
D06 09/12/86 0655 26.68 87.53
D15 11/04/87 1183 9.60 31.49
015 11/04/87 1050 9.68 31.76
D15 11/04/87 1164 9.568 31.76
D15 09/15/87 0656 29.64 97.24
015 09/15/87 1019 29.73 87.54
Dis 05/15/87 0657 25.73 97.54
D15 08/15/87 1029 33.60 110.24
D15 09/15/87 1045 33.69 110.53
D15 09/15/87 1046 67.77 222.35
D15 09/15/87 1048 67.84 222.58
D15 09/15/87 0647 67 .84 222.58
Wi 06/25/87 0718 30.95 101.54
TW1 06/25/87 0503 30.95 101.54
TWl 06/25/87 0708 36.595 101.54
TwWl 06/25/87 0607 69.05 226.55
Twl 06/25/87 1005 69.21 227.07
Wi 06/25/87 1006 £9.36 227 .57
Twl 06/25/87 1049 70.73 232.06
Twl 06/25/87 1016 70.73 232.06
TW1 06/25/87 0527 79.73 261.59
w05 09/22/86 0741 1.88 6.16
W05 0g9/22/86 0679 4.70 15.42
W06 09/23/86 0502 3.44 11.28
wos 09/17/86 071¢ 0.89 2.92
wis 09/17/86 0729 0.89 2.92
W09 09/17/86 0704 0.89 2.92
W03 09/17/86 0732 1.83 6.00
wog 09/17/86 072% 1.83 6.00
w09 05/17/86 0710 1.83 §.00
w09 09/17/86 0560 3.05 6.00
wos 09/17/86 0659 3.05 10.00
W09 09/17/86 0683 3.05 10.00
W09 09/17/86 0674 4.37 14.33
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TABLE 15.. (continued)

Hole

wa9
W09

Wil
Wil
Wil
Wil
Wil

Wil
Wil
Wil
Wil
wll

Wil
W1l
W13
Wi3
W13

Wi3
Wi3
Wi3

W13

LA

W13

W13
Wi3
Wil
W13
Wil

W13

W

W13
W17
w17
W17

w17
w17
w17
Wi7
w17
W17
W17

Date

09/17/86
09/17/86

09/24/86
09/24/86
09/24/86
09/24/86
09/24/86

09/24/86
09/24/86
09/24/86
09/24/86
09/24/86

09/24/86
09/24/86
09/29/86
09/29/86
09/25/86

09/29/86
09/29/86
09/29/86

NA/2Q9/848
L ot

o ]

09/29/86

09/29/86
09/28/86
09/28/86
09/28/86
09/28/86

09/28/86
09/28/86
09/29/86
09/29/86

09/29/86

09/29/86
09/29/86
09/29/86
09/29/88
09/29/86

09/29/86
09/29/86

Instrument

0676
0677

0760
0735
0762
0734
0743

0751
0758
0755
0757
0497

Iy X!

S W

0740
0761
0753
0658

0707
0035

0696
0759

W oW

0744

0752
0694
0684
0745
0763

n74q

MPTT S

0750
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0748
0695

0731
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[P oL b
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0713
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TABLE 15. (continued)

Depth Depth
Hole Date Instrument - (m) (ft)
W17 09/29/86 0697 4.97 16.30
W17 - 08/29/86 0756 5.88 19.29
W17 09/29/86 0754 5.88 19.29
w17 09/29/86 Q747 5.88 19.29
W18 09/22/86 0742 1.22 4.00
Wig 08/22/86 0703 1.22 4.00
W18 09/22/86 0739 1.22 4.00
W18 09/22/86 0730 3.05 10.00
wis 09/29/86 0706 3.0% 16.00
wls 09/22/86 0681 3.05 10.00
W18 09/22/86 6557 5.11 16.76
W18 09/22/8¢ 0673 5.11 16.76
W18 09/22/86 0686 5.11 16.76
w24 09/18/86 0712 1.83 6.00
W24 09/18/86 0699 1.83 6.00
w24 - 09/18/86 0541 1.83 6.00
W25 09/24/86 0797 1.22 4.00
W25 09/24/86 0705 2.13 6.98
W25 09/24/86 0724 4.50 14.76

extrapolation of the calibration curve, are in the range of 1.0 to 3.0 bars
L 4
U

*oanci Thnre
el

1 PR
1sion. These data are much less acc

a &re Mmucn 1ess accurate tnan the
within the calibrated range. The variations in readings between sensors in
the range of 0.0 to 1.0 bar tension are approximately 0.2 to 0.3 bar, while

readings exceeding 1 bar vary from 0.2 to 2.0 bars between senmsors.

Readings from heat dissipation sensors vary for truments at the
same depth. Figures 46, 47, 48, and 49 plot matric potential versus time
at the 3.0-, 6.0-, 10.0-, and 14.0-ft depths below land surface. The
readings were recorded from instruments installed in auger hole W03. Plots
of the other heat dissipation sensor data are presented in Appendix G. The

variation in matric potentials at some of the depths is larger than the
variation between the depths. This makes it difficult to compare readings

from difforent depths_
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Figure 46. Readings from sensors installed 3 ft below land surface in

auger hole W09.
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Figure 47. Readings from sensors installed 6 ft below land surface in

auger hole W09.
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Figure 49, Readings from sensors installed 14 ft below Jand surface in

auger hole W09.
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Instruments were installed in the deep boreholes in the fall of 1986
and 1987. Data for borehole D06 -are presented in Figure 50. Two of the
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Figure 51. Readings from sensors installed 88 ft below land surface in
borehole DO06.

Sensors in the shallow auger holes indicate trends similar to those
seen from tensiometers. The sediments have lower tensions (wetter) with
depth. The matric potential fluctuations over time are greatest in the
shallowest instruments and relatively constant with greater depths,
Sensors in auger holes W05, W06, W24, and W25 show tensions from 0 to 1
bar, while those in W11, W13, W17, and W18 generally have tensions from 1
to 3 bars.

Some problems have been encountered in the use of heat dissipation
sensors, The calibration range is limited. Currently, the heat .
dissipation sensors are calibrated for readings in the 0.0 to 1.0 bar
range. This calibration can be extended to 3.0 or more bars tension by
calibration within a pressure plate extractor, but this is a time-consuming

process.

The sensors have a reported accuracy of #0.02 bar in the calibrated
range, but readings to date tentatively indicate that the actual accuracy
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is closer to +0.10 bar. The sensor's accuracy is limited by the meter used
to read the sensor. A more accurate meter would obtain more accurate

[OR | -
reddinygs.

The sensors can only be read once per hour because the heat generated
during the reading must dissipate before additional readings can b

In addition, the current system requires an operator to be present to take
a reading.

Heat dissipation sensor failure rate at the RWMC is 8%.

Heat dissipation sensors have several advantages for use i

r

-
-

edsi

=
=

u 1]
matric potential. The sensors are small in size, and the wire connection
allows the instrument to be located at any depth, limited only the
resistance within the wire. This is an advantage over tensiometers, which
operate in the same matric potential range, but are limited by
instrumentation depth. The sensors can be hard-wired to a programmable
data acquisition system for taking repeated measurements without requiring
a person to take the readings. Such a system would also record temperature
within the sensor,

Data collected from heat dissipation sensors needs further analysis to
optimize their future use. Additional sensors installed at the RWMC should
be caiibrated to at jeast 3.0 bars tension. A programmabie data
acquisition system should be purchased to increase the accuracy of the
readings and allow detailed monitoring at selected sites. Heat dissipation
sensors shouid be instailed in future boreholes where the range of matric
potential and the depth of the installation preclude the use of tensiometers.

5.4.3.4 Psychrometers. A thermocoupie psychrometer is an eiectronic

instrument used to measure the relative humidity in soil air, and from
which potentials can be calculated. Because thermocouple psychrometers can
measure tensions from from 1.0 to 70.0 bars, they are especiaiiy vaiuabie
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in semi~arid to arid climates. The measurement range for the thermocouple
psychrometers extends beyond the range of tensiometers (0 to 1.0 bars) or
gypsum blocks (0.3 to 15.0 bars). '

A total of 59 psychrometers have been installed in 7 holes at the
RWMC, since June of 1985. The instrumented holes, depths, and dates of
psychrometer installations are listed in Table 16. The psychrometers in
hole THO4 never functioned properly, so data from this hole are not
included. Prior to installation, the psychrometers were factory calibrated
with a one-point calibration reading at approximately 25.0 bars of
tension. The matric potential readings were calculated using a single
calibration curve for all psychrometers. For each hole (except W18, which
has one psychfometer at each depth), a cluster of three psychrometers were
placed at a specific depth in a hole. The interval was back-filled with
the augered cuttings, and each instrumented interval was isolated by a
layer of bentonite. A more detailed description of psychrometer
calibration and installation methods is presented in the FY-1985 annual
report {Hubbell et al., 1985).

A very large volume of data is produced by the psychrometers. The
matric potential data alone totals over 7000 measurements. Using an
electronic data collector (Wescor HP-115 Data Acquisition System) i}
psychrometers can be scanned for readings at regular intervals over a
period of time. The data yielded by psychrometers includes temperature,
offset and millivolts (calibrated to matric potential). The offset
attempts to compensate for temperature gradients which may exist within the

psychrometer circuitry itself.

As a quality control measure, the psychrometer data was reviewedlfor
each instrument. Matric potentials were discarded if associated with
offsets of greater than 9.9 temperatures greater than 29.4°C or greater.
In addition, extremely anomalous matric potentials were discarded. For
some instruments (P17, P38, P50, and P51) this required discarding a major

portion of the acquired matric potential data.
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TABLE 16. PSYCHROMETER INSTALLATIONS

W18

W18
W18
W18
W18
W18
wig
wig
wlg
wig
W1g

W19
W19
W13

Date

06/20/85
06/20/85
06/20/85
04/23/85
04/23/85

06/13/85
06/13/85
06/13/85
06/13/85
06/13/85

06/13/85
06/13/85
06/13/85
06/13/85
07/11/85

07/11/85
07/11/85
07/11/8%
07/11/85
07/11/85
09/22/86

09/22/86
09/22/86
09/22/86
09/22/86
09/22/86

09/22/86
09/22/86
Q9/22/86
09/22/86
09/22/86

09/22/86
09/22/86
09/22/86
09/22/86

06/21/85

06/21/85
06/21/85
06/21/85

Instrument

P10
P11
P12
P34
P35

PO2
P03
PO1
P06
P04

P05
P09
P08
Po7
Plé
P17
P18
P13
P15

P14
P50

P51
P52
P54
P55
P56

P57
P59
P61
P65
P66

P67
P68
P69
P70
P20

P19

p21
P23
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TABLE 16. (continued)

Depth Depth
Hole Date Instrument (m) (ft)
W19 06/21/85 p22 1.52 4.98
W19 06/21/85 P24 1.52 4.98
Wi9 06/21/85 P27 3.05 10.00
Wis 06/21/85 Feo 3.05 10.00
W19 06/21/85 P25 3.05 10.00
w19 06/21/85 P29 4.57 14.99
W19 06/21/85 pz28 4.57 14.99
W19 06/21/85 P30 4 .57 14,99
wig 06/21/85 P31 4.88 16.01
w19 06/21/85 P32 4.88 16.01
W19 06/21/85 P33 4.88 16.01
w22 G66/27/85 P37 G.51 2.98
w22 06/27/85 P39 0.91 2.98
W22 06/27/85 P38 0.91 2.98
w22 06/27/85 P42 1.82 4,98
W22 06/27/85 P41 1.52 4.98
w22 06/27/85 P40 1.52 4.98
w22 06/27/8% P45 2.74 8.98
W22 06/27/85 P43 2.74 §.98
wWez 06/27/85 Fé4 2.74 8.98

A large variability in the matric potential data is exhibited between
psychrometers at the same depth. This variability is shown in Figures 52,
53, and 54, which plot matri¢ potential versus time at the 3.0 ft, 5.0 ft
and 9.0 ft depths below land surface (BLS) in hole W22. Plots of the rest
of the psychrometer data are presented in Appendix H. Instrument readings
plotted in Figure 53 show a range of over 9.0 bars of tension between
instruments at the same depth. With so much variation being shown between
instruments, it is difficult to determine hydraulic gradients. Therefore,
the sources of the variation between instruments must be evaluated so that
reasonable estimates of matric potential at a given depth can be
determined. Statistical techniques such as analysis of variance will be
used to evaluate the sources of the variation.
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Figure 54. Matric potehtia] versus time measured by psychrometers at 9 ft
below land surface in auger hole WZ2.

Seasonal and diurnal fluctuations are evident in both temperature and
matric potential measurements. During early August 1986, the psychrometer
data was collected at 2 hour intervals over a 4 day period. Hull (19886)
analyzed this data for auger hole WOl and applied a Teast squares 7
regression technique to study the diurnal and seasonal cycles of both
temperature and matric potential. Significant seasonal and diurnal
temperature cycles were observed for all psychrometers. However, the
diurnal temperature thanges were not realistic for heat conduction within
such a short time frame. The diurnal fluctuations were suggested to be an
effect of air temperature on the measurements, resulting from temperafure
changes within the electronic data collection unit at the surface.
Seasonal temperature cycles showed high summer temperature and lower winter
temperatures (Figure 53). Statistically significant diurnai matric
potential fluctuations were exhibited by 4 of the 9 psychrometers in hole
W0l. Seasonal matric potential cycles were not as clearly defined as for
temperature, but were exhibited for all psychrometers in WOl except one
(P06).
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Figure 55, Seasonal fluctuations in temperature in auger hole W0l at the
3=ft depth.

For holes W18, T12 and W19, gypsum block and heat dissipation sensor
data were available for comparison with psychrometer data at the same-
depths. Generally, the psychrometers yielded data with higher matric
potentials (closer to saturation) than the other instruments and with
1ittle correlation to data yielded by gypsum blocks (see Figure 56, for
example) or heat dissipation sensors. As an exception, psychrometers at
the 3.0-ft depth in auger hole W19 exhibited seasonal trends in matric
potentials that were very similar to those of gypsum blocks at the same
depth. This is shown in Figure 57. The lowest matric potentials occur in
the winter months, and the highest occur in the summer months.

Whenever possible, other types of instruments should be used instead
of psychrometers. The psychrometers could be very useful instruments,
because they are applicable to a range of matric potential (10 to 70 bars)
in which other instruments are ineffective. However, the large variability
exhibited by the data indicates the unreliability of psychrometer results.

The use of psychrometers in future holes will be evaluated.
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at 5 ft below land surface in auger hole W19.
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5.4.3.5 Neutron Access Holes. Two neutron access tubes were
installed within the SDA in November 1986. Access holes were hand augered
a few feet west of shallow auger holes W02 and WO6. Readings were taken at

6-in. intervals from land surface to basalt on a monthly basis. The
instrument utilized is a CPN 503 DR Hydroprobe with a 50 mCi

Americium-241/Be neutron source and a 1.5-in.-diameter probe.

The neutron moisture gage measures the moisture content in the soil by
supplying a source of fast neutrons which are slowed by the presence of
hydrogen in water. The slow neutrons are detected and counted. This count
can be correlated to moisture content. Calibration curves for the sails at
the SDA have not been calculated. The data is presented as the count rate
to examine relative changes in moisture content. Higher count rates

correspond with higher moisture contents.

The access tubes are standard 1.5 in. Schedule 40 pipe. They are
installed by hand augering a hole, taking moisture samples at various
depths, then pushing the tubes into the ground. The moisture samples can
be utilized to calibrate the instrument with the soils. Readings can be
taken at any depth or time interval. The readings are taken by lowering

the source down the access tubing and activating the counter on the gauge.

Figure 58 is an example of a plot of data derived from neutron
probes. This figure shows the count rate for hole W02 for June. July,
August, and November, 1987. The count rate versus depth for all the months
is included in Appendix I. The overall shape reflects changes in the
texture of the material with sands described in the drill logs from 3.5 to
5.0 ft and 6.5 to 8.5 ft below land surface. The rest of the material is
predominately silt. The sands retain less water than the silt for a given
matric potential and therefore give lower count rates.

There is a noticeable attenuation of moisture movement with depth.
The variation in count rate from 0.5 to 6.5 ft depth indicates the zone
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Figure 58. Neutron count rate versus depth in auger hole WQ2.

affected by precipitation and evapotranspiration. Beneath this depth,
water in the material is less affected by these farces and moves by the
force of gravity. }
Overall, the sediments from 0.5 to 4.0 ft below land surface were
dryest in November and December of 1986, then got progressively wetter
until March, then (as shown in Figure 58) dried again to November of 1987.
The sand layer at 3.5 to 5.0 ft may act as an impediment to downward flow,
causing the moisture to accumulate above this layer. In the May to June
period there was an increase in count rate from 3.0 ft to 7 ft followed in
the subsequent 5 months by a drying trend. The wetting trend at this depth
in the May to June time frame may be attributed to redistribution of water
from the sediments above. The drying trend from June to November indicates
the influence of evapotranspiration during the summer and fall months. The
sediments below 7 ft have less variation in count rate than the material
above. However, there is a small overall drying trend beneath 12.5 ft for
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the entire years record. This may be occurring because this area was
covered with several feet of cover material in the summer of 1986 to
prevent flooding in this area.

Figure 59 presents the count rate versus depth for hole W06 for June,
July, August, and November, 1987. Appendix I contains all the monthly
readings for neutron access tube W02. The drill log indicated the sediment
1s sandy silt with minor amounts of caliche at 3 and 6 to 7 ft depth. The
top & ft of sediment is most affected by precipitation and evaporation as
indicated by large variations in count rate.

Overall, there is a general increase in count rate with increasing
depth. Moisture samples taken while drilling W06 and the neutron access
hole showed increasing moisture content with depth. The overall trend for
the year's data indicates dry conditions in November 1986, wetting in May
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Figure 59. Neutron count rate versus depth in auger hole W06
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and then drying to November 1987. This trend is evident in Figures 58

and 59. The count rate below 6 ft depth does not show Targe varjations,
but close examination of monthly logs indicates there is wetting and drying
of the sediments occurring at this depth.

The count rate on the neutron probe appears to be guite accurate and
reproducible for replicate readings. The 0.5-ft intervals used in these
holes gives good definition of textural boundaries and water movement in
the system. Monthly readings appear to be frequent enough to give seasonal
trends but the monitoring should performed on a weekly or biweekly basis
during periods of recharge to obtain data on individual recharge events.
Comparing tensiometer data from adjoining holes to the neutron counts
indicates a good match for wetting and drying trends between these two
instruments. The neutron count rate data define the most active zone in
the sediments where water moves up and down depending on the seasonal
forces acting on the site. The neutron probe needs to be calibrated to the
different soils for quantification of water flux. More neutron access
tubes should be installed throughout the SDA to characterize moisture
movement. It would be usefu! at some installations to install the access
tubes 12 in. into the basalt to obtain readings from the surficial
sediment/basalt interface. Neutron probes should be installed across and
within a pit to characterize moisture movement within the sediments between
the pits and within the materials in the pit. Access tubes should be
positioned around potential water sources (drainage ditches, depressions,
flood control berms, etc.) to determine their effect on water movement
within the site. Calibration curves for the neutron logging should be
obtained, if possible. |

5.4.3.6 Porous Cup Lysimeters. Matric potentials in sediments can be

estimated using suction lysimeters. When samples are collected from a
suctfon lysimeter a vacuum is applied and water moves from the sediment
into the lysimeter. Water stops moving into the lysimeter when the
tensions are equal in the sediment and the lysimeter. An approximate
matric potential can be calculated by measuring the tensien in the
lysimeter following equilibration and accounting for the column of water in
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the suction lysimeter. Lysimeters that do not hold pressure cannot be used
to calculate matric potentials. Tensions were measured prior to collecting
water samples for most of the Tysimeters. This data has not been compiled
or analyzed to date. See Section 5.2, Solution Chemistry, for additional
information on the location and status of porous cup lysimeters.

Lysimeters can also be utilized to estimate a range of matric potentials.
If the lysimeter yields water the tension in the surrounding sediment is in
the range of 0.0 to 0.65 bars. Lysimeters that do not yield water but hold
the vacuum have a tension between 0.65 bar and the air entry value for the
porous ceramic cup (2.4 bars). Lysimeters which will not hold pressure are
either in areas where the tension exceeds 2.4 bars or have air leaks within
the lysimeter. Examination of pressure drop over time, using a recording

vacuum gauge, can be utilized to differentiate between the two possibilities.

5.4.3.7 Analysis of Overall Data. Matric potentials for selected

depths are presented in Figures 60, 61, 62, and 63. The data are presented
as tension to avoid negative signs. The tensions were recorded in May
1987. The tensions recorded from heat dissipation sensors, gypsum blocks,
and psychrometers are mean values for that depth. Multiple readings at a
depth represent several types of instruments for comparative purposes.
Lysimeter data (wet or dry) are included when avaiiable.

The areas with the Towest tensions are in locations where water is
present during portions of the year. These areas include drainage and
flood control ditches, small depressions where runoff or snow melt
accumulates, and areas flooded in the past. Data collected outside the SDA
indicates higher tensions (relatively dryer) than data collected within the
SDA. The placement of holes tended to bias the lower tension measurements
because of the ease of drilling near roads (and drainage ditches).

Matric potentials decrease (approach saturation) with the depth of the

hole as a general trend throughout the RWMC. Several of the holes exceed
field capacity (values less than 0.1 - 0.2 bars tension), indicating the
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to cover a larger matric potential range and can be installed at nearly any
depth, but their accuracy and reproducibility of reading is not as good as
the tensiometers. Gypsum blocks have worked well at this site. The
calibration curves need to be more sophisticated to better fit the data
generated in the laboratory. This will increase their accuracy. Gypsum
blocks have a short field 1ife (due to dissolution) in wet conditions, and
this should be considered in their placement. Neutron probe readings have
produced a detailed image of moisture redistribution within the sediments.
The probe needs to be calibrated to the RWMC soils to estimate the rate of

moisture movement adjacent to the holes.

The analysis of data collected from the Subsurface Investigation
Program is not complete. Data from multiple instrument clusters needs to
be examined to determine which are the most useful instruments. Readings
from various depths within holes need to be statistically analyzed to
derive matric potentials for calculation of hydraulic heads and gradients.
This data can be utilized with soil moisture characteristic curves and
unsaturated hydraulic conductivity curves to quantify moisture flux
adjacent to the holes.

5.5 Computer Model Development

5.5.1 Introduction

Radiocactive and chemical contaminants buried at the RWMC are potential
hazards if their confinement to the unsaturated zone is not maintained. Of
particular concern is the potential vertical migration of contaminants to
the underlying Snake River Plain aquifer. Irrespective of the final
remedial action, there will be a need to make long=-term predictions of
potential movement of contaminants that have already migrated beyond the
boundaries of the burial sites. Computer models are effective tools for
making such predictions and have been widely used for this purpose at other
DOE waste facilities such as Hanford, Savannah River, and Oak Ridge
National Laboratory.
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In addition to their use in making predictions, computer models are
excellent tooils for developing a full understanding of the processes that
may influence the movement of the buried radioactive and chemical
contaminants. Some of these processes are illustrated in Figure 65.
Percolation of soil-water through the vadose zone is a primary driving
force for contaminant migration. Sources of soil-water are precipitation,
surface water ponding (resulting from rapid snowmelt), and seepage from
adjacent ditches. In the past, flooding at the RWMC may have also been a

factor in contaminant migration. Transport of dissolved contaminants

=%

through the subsurface pathway occurs by advection (i.e., by water flow),
diffusion, and dispersion and is influenced by various chemical processes

such as sarption, rnmnTnx tion, and decav. CLontaminants in a colloidal
nants 1n a c¢coiioigal
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form are transported by the same physical process but are also affected by
filtration. Certain radionuclides (e.g., radon and tritium) and volatile
t

organic contaminants (e.g., carbon tetrachloride and trichloroe
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transported primarily in the vapor phase.
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formulate an understanding of the important transport processes at the
RWMC. In addition, the models will be used to assist in answering a number
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performance of the disposal site, such as:
- What 1s the range of percolation rates and how do the rates vary
over an annual periogd?
e When water ponds on the land surface, how does the water move
through the sequence of sediments and basalt?
. What is the moisture content distribution in the vicinity of the
waste?
a TQ what extent have nravinue flanding svente affarted contaminant
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movement through the vadose zone
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Figure 65. Conceptual model of processes involved in contaminant transport
in the vadose zone.
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. What are the water and contaminant travel times to the aquifer?
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radiocactive wastes that might influence contaminant transport?
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through the waste disposal pits?

5.5.2 Summary of Accomplishments

In this reporting period, work on the Computer Model Development task
has focused on three specific areas: (1) a detailed review of previous
vadose zone modeling studies at INEL, (2) acquisition and installation of
several computer models for modeling unsaturated flow and contaminant
Fuasnenand amAd 7)Y Avaliminsmy annlicatdmane Af mpmeiibamw madale ieim
YT GHIPWL W Qi ) pIT it ) G T.abidila VI \-UHIPULEI MULIT I'» =1

£.5.2.1 Review of Previous Modeling Studies. In the early 1980s, two
modeiing studies were conducted that focused on subsurface radionuclide
migration. These two studies were performed in support of studies of
long-term management alternatives {DOE, 1982). The two previocus idies
t
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vadose zone was made by Pope and Reno (1982). Their draft report was later

Hu mphrey et al. (1982); this work is

updated and published in the paper by
b

A in DOC f10989%°\ Thao ~kdiged
G 1N vUE L1704 ). g opjectu
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clides at the RWMC.
A computer model was used to simulate the migration of various

the potential upward and downward migration of radio

wamdd mmiinlddar Shwmari~ b 2adN L hio a2 LN LL .o e -
rauivildie 1 1uss buvuugu LR UL TUT LWU LunuiLiuns. (1) wne annual Lycie ot
precipitation/evaporation and (2) site flooding.

Simulations of moisture an d radionuc 1 formed

-
using the one~dimensional computer code UNSAT, originally developed by

Hanks and King (1973). Moisture transport was simulated for one year for
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the cyclic precipitation/evaporation scenario and for 300 years for the
flooding scenario. Unfortunately, these authors did not document the
results of the moisture transport simulations. Radionuclide transport
simulations were performed for each scenario; results from their
simulations are plotted and presented in Humphrey et al., (1982).

The basic conclusion drawn by Pope and Reno was that it should take
many thousands of years for radionuclides to migrate any appreciable
distance. For example, these authors predicted that about 10,000 years
would be required for trace levels (i.e., 1[3-9 uCi/g) of plutonium-239 to
reach the sedimentary interbed at 110 ft.

In the second study, Mizell and Hull (1983) performed a similar
analysis of flow and transport in the vadose zone. The main distinction of
their study was that the hydraulic properties were chosen (i.e., assumed)
on a different basis. These authors then repeated the analysis of Pope and
Reno. Mizell and Hull performed simulations of moisture and radionuclide

transport using the UNSAT computer code (Hanks and King, 1973).

The principal conclusion drawn by Mizeil and Hull was that
radionuclide migration should be less than that predicted in Humphrey
et al., (1982). For example, Mizell and Hull predicted that it would take
about 10,000 years for trace levels (i.e., 10_9 uCi/g) of plutonium-239
to move 20 ft, as compared to 100 ft predicted in the Pope and Reno study.

Recent field measurements, however, have indicated trace levels of
plutonium-239 at the 110-ft interbed. These measurements indicate that
radioactive contaminants have traveled through the vadose zone at rate
significantly higher than those predicted by the two modeling studies. In
view of the fact that these studies were conducted without the benefit of
site-specific data, it is not surprising that the predictions are grossly
inaccurate. Other factors that contributed to errors in the computer
predictions are:
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The computer model used in the two studies was not specifically

1.

applicable to an arid site vadose zone.
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anisotropic medium

influx and vapor phase transport

on dispersion of vapor phase contaminants
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[ Transport of immiscible chemical contaminants

(] Transport of dissolved radiocactive and chemical contaminants as a
function of percolation rates.

The suite of cemputer codes s currently being tested and documented
and is also being used in preliminary modeling efforts. At present, five
major computer models have been installed on the INEL CRAY computer for
modeiing transport through the subsurface. These models are:

1.  SEMTRA This l-dimensional model is being used to predict water
percolation rates in the vadose zone as a function of
precipitation, evapotranspiration, solar heating, and
cooling.

2. FEMTRA This 2-dimensional model is being used to predict
moisture movement in layered, heterogeneous, fractured
porous media in multiple dimensions.

3. TRACR3D This 3-dimensional model is being used to predict
contaminant transport through the vadose zone as a

result of discrete events, e.g. flooding. :

4, MAGNUM This model, capable of either 2- or 3-dimensional
modeling, is being used to predict groundwater or
soil-air flow paths, velocities, and travel times to
the receptor boundaries.

5. CHAINT This 2-dimensional model is being used to predict
transport of liquid or vapor phase contaminants,
contaminant concentrations, and fluxes in the aquifer.

In addition to the major computer models, eight other codes, referred

to as support codes and models, have been acquired and implemented. These
support codes and models are summarized in the Table 17.
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TABLE 17. PRINCIPAL USES OF SUPPORT CODES AND MODELS

Codes and Models Principal Use

SOIL This program performs nonlinear least squares fits to
lTaboratory data on soil moisture data and generates
analytic functions for the moisture release curve and
nydrauiic conduciivity curve. These functions are

input to the SEMTRA, FEMTRA, and TRACR3D codes.

PATH This code computes the groundwater flow paths and
travel times from the point of input to the aquifer to
designated receptor boundaries. The output of this
code is a computer plot showing the contaminant path-
ways through the aquifer and travel times along those
pathlines.

VELPLT This computer program computes the liquid and vapor
phase velocities. These velocities are computed using
the predictions generated with the MAGNUM or CHAINT
models. The output of the code is a plot of the
velocity vectors superimposed on the geologic
cross-section,

CHTFLX This computer code calculates the contaminant release
rates and cumuiative reiease at designated boundaries.
The code uses the results from the CHAINT model and
produces graphical output.

PORFLO This computer model is used to cross-check the flow
and transport predictions of the MAGNUM and CHAINT
models.

PARAM This code is used for interactive plotting of the

predictions generated by the SEMTRA, FEMTRA, MAGNUM,
CHAINT, and PORFLO models. The code output consists
of time history plots and/or profile plots.

CONTOUR This code is used for interactive plotting of the
predictions generated by the FEMTRA, MAGNUM, CHAINT,
and PORFLO models. The code output consists of
contour plots showing the vertical and/or horizontal
distribution of hydraulic driving forces and/or
contaminant concentrations.

FE Software A suite of support software used to generate, check,
optimize, and plot the input data for the finite
element models, (i.e., SEMTRA, FEMTRA, MAGNUM, and
CHAINT computer models).
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5.5.2.3 Preliminary Applications of Computer Models. Model

applications were initiated in the following four areas: (1) analysis and
curve fitting of soil hydraulic properties, (2) simutation of environmenta!
heat transfer and calculation of soil temperature profiles, (3) simulation
of moisture transport for surface water ponding conditions, and

(4) analysis of arganic vapor transport from the waste disposal pits.
Highlights and example results from these mode: applications are presented
here.

The computer code SOIL was used to analyze laboratory data on the
moisture release curve (i.e., relation between capillary pressure and
volumetric moisture content). The SOIL code fits a closed-form equation to
the measured data using nonlinear least squares and then computes the
hydraulic conductivity curve using an empirical theory. The specific
mathematical approach used in the code is described by Van Genuchten (1978
and 1980). An example of outputs from the SOIL computer code is presented
in Fﬁgure 66, which was derived from data obtained from laboratory analysis
of a soil sample from borehole Di0. These curves will vary depending on
the properties of the soil sample (particle size, clay content, etc.).
These curves are specifically used for:

® Estimating the moisture content levels of the interbeds directly
from the field measured values of matric potential

Estimating the hydraulic conductivity of the sediments as a
function of moisture content or matric potential

[ As input data to computer models that predict percolation rates
through the vadose zone,

These curves represent the most fundamental characterization of the

moisture properties of the vadose zone and are essential to a quantitative
understanding of the processes controlling moisture movement.
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Figure 66. Soil-moisture relations generated by the SOIL computer code
(sample taken from deep borehole D10).
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Soil temperatures in the upper portion of the vadose zone were
simulated using the SEMTRA computer code {Baca et al., 1978), which was
developed at Hanford. The purpose of this application was to estimate the
temperature ranges and variations that occur in the vicinity of the waste
disposal pits. Soil temperature measurements (Yanskey et al., 1966) -
collected near Test Area North {TAN) were used to calibrate the model. The
SEMTRA code was run to simulate daily average temperatures in the
subsurface. Calculated soil temperatures for various months are presented
in Figure 67. In subsequent effort, the SEMTRA code will be calibrated
using soil temperatures measured at the Test Trench facility located at the
RWMC.

Soil temperature is an important hydrologic parameter because it plays

a key role in a number of processes, such as:

] Evapotranspiration and its contribution to the net water flux at

the air-soil interface

* Release of the vapor phases from volatile 1iquid contaminants
that have leaked into the sediments

) Variation of soil hydraulic conductivity resulting from changes
in fluid density and viscosity

[ Vapor phase transport of soil-moisture.

Because of its strong effect on flow and transport processes, sofi
temperature and its variation is a basic factor that must be included in

the vadose zone models,

The TRACR3D computer code (Travis, 1984), developed at Los Alamos
National Laboratory, was applied to model the process of soil moisture
movement in the upper portion of the vadose zone. The soil moisture
profiles computed for this simulation with the TRACR3D code are shown in
Figure 68. The purpose of this simulation was to study the patterns of
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soil mofsiure movement resulting from water ponding at the soil surface.
The simulation was also intended specifically to test the numerical
capabilities of the code. The simulation assumed initial saturations of
0.35 in the surficial sediments and 0.20 in the underiying basalt, and a
release to the soil surface (by ponding) of 10 cm of water. In addition,
it was assumed that the basalt had a permeability of approximately four
orders of magnitude greater than that of the sediments. The simulations
indicate that a steep moisture front moves sTowly through the surficial
sediments. Upon reaching the sediment-basa]t‘interfa_ces the moisture
drains quickly into the basalt.

The CHAINT computer code (Baca et al., 1984; Kline

I e

et al., 1985),

developed at Hanford, was used to simulate the organic vapor transport from
the disposal pits at the RWMC. The computer simulation represents a

practical application of the CHAINT code to a site-specific contaminant

transport problem. The basic objective of the computer simulation was to
evaluate the nature and scope of the VOC problem. A number of technical

icciime wora alen avaluated
1gsuag e alsh & at

includina-
woy ! valuated, Includinag:

) What factors are controlling the vapor release rate?

. Which volatile organic compound is of most concern?

[
E.
¥

[11]

o
o

wn
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¥
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. How long will the vapor probiems persist?

® What potential remedial measures should be evaluated?

imated inventories of organic compounds (disposed in pits 4,

a !
) and a vapor release submodel, the CHAINT computer code
1966 to 1987. The

concentrations of the organic vapors at various points in space and time.

The VOCs of the output in the pits consisted of carbon tetrachloride,
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chloroform, trichlorcethylene,. tetrachloroethylene, and trichloroethane. A
sample from the computer simulation of the carbon tetrachloride plume is
shown in Figure 69.

The computer study of the organic vapor problem at the RWMC indicated
that:

2 ) Soil temperature is a key Tactor contrciiing vapor reiease rate

] Carbon tetrachloride appears to be the volatile organic compound

of primary concern

. The carbon tetrachloride plume appears to have spread a
significant distance in the iateral direction and vertically to
the water table

(] The carbon tetrachloride plume may persist in the subsurface for

tens of years, if no remedial measures are used

¢ Air stripping may be a very effective and inexpensive remedial

measure.
5.5.3 Discussion

In this reportirg period, significant progress has been made in
assembling the computer modeling capability needed to address the issues of
waste disposal at the RWMC. This progress was made primarily by acquiring
existing computer models have been developed and applied at other DOE
sites. There remains, however, a need to demonstrate the adequacy of'the
various computer codes to handle the unique hydrogeology beneath the RWMC.
In addition, there is a need for some basic research into flow in
unsaturated fractured basalt because no definitive theory currentiy exists
that explains the physics of flow under these conditions. In this section,
we outline the current view regarding the adequacy of the computer models,
specific research areas that need to be addressed, and discussion of data

needs.
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5.5.3.1 Adequacy of Computer Models. The full suite of computer
models {(discussed in Section 5.5.2.2) that has been acquired has been

tested using available site data. The results of this initial testing
indicate that the computer models will be able to simulate a wide range of
hydrogeologic conditions and scenarios of interest. There are two areas,
however, that will require some additional code refinement.

In the first area, the SEMTRA code will need to be refined to improve
its capability to: (1) realistically describe evapotranspiration effects,
(2) explicitly compute the solar heating and cooling at the air-soil
interface from meteorologic data, and (3) better handle the large
permeability contrasts that exist between the sedimentary and basalt
tayers. These model refinements will involve a relatively small man-effort
but will substantially improve the model's predictive capability.

in the second area, the TRACR3D code will need to be streamlined and,
to some extent, debugged. Preliminary testing of the TRACR3D code
indicates that it is a very powerful simulation tool with exceptionally
robust numerical algorithms. The version of the code provided to INEL by
Los Alamos National Laberatary, however, is an experimental version. The
TRACR3D code is still very much in a deveiopment stage, and the final
version of code is not expected be available until late FY-1988 or early
FY-1989. Another limitation of the code is that the existing documentation
(Travis, 1984) is out of date with the current version. An interim user's

guide was prepared during this reporting period for use by the INEL staff.

5.5.3.2 Research Needs. At present, the computer models represent a

strong and defensible basis for assessing the isolation performance of the
burial sites at the RWMC. One area that it theoretically tenuous, however,
is the representation of the soil moisture characteristics of the basalts
in the unsaturated zone. Currently, the computer models utilize empirical
relations for the water release and hydraulic conductivity curves of
basalt. Examples of these curves are shown in Figure 70. These curves
represent, at best, educated guesses of the soil moisture characteristics

of the fractured basalt, because unlike the curves shown in Figure 66 for
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Figure 70. Scoil moisture characteristics of the basalt as derived from
empirical relations.

sediments, they are derived from empirical relations instead of actual data
obtained from laboratory analysis of samples. There is a definite need to
conduct laboratory experiments and to develop a methodology for estimating

these curves from the fracture characteristics determined from cores.
The properties of unsaturated fractured rocks is a new area of

research, and only recently have theories been proposed in the literature
(Wang and Narasimhan, 1985). Laboratory studies are needed to provide a
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basis for developing a sound mathematical theory of unsaturated flow in
fractured rocks. To address this need, a joint effort between the INEL and

the University of Utah is planned.
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development of a source term submodel. There is a need to initiate an
effort to develop a source term submodel that will process laboratory data

Lo %
iram i

[0

ach tests and generate input data for the computer modeis. This
submodel should consider the properties of the waste, properties of
surficial sediments, and percolation rates. The output of the source term
i

submodel would be the mass reiease rate as a function of time.

5.5.3.3 Data Needs and Emphasis. The current characterization

program is designed to provide the data needed for caiibration of the
models and for the ultimate assessment of the isolation performance of the
RWMC. From the initial modeling studies that were conducted in this
reporting period, it is apparent that greater emphasis needs to be placed
on the collection of data for soil moisture characterization of the
sedimentary zones. In particular, significantly more data are needed for
the following three parameters:

(] Saturated hydraulic conductivity
. Water release curve (matric potential versus moisture content)
) Effective porosity.

These data can be determined from laboratory testing of available soil

samplies.

Future analysis and interpretation of the existing field data will
provide key input to the computer modeiing effort. Interpretations of
matric potential data, for example, will be especially important to the
development of a conceptual model of how water moves through the

unsaturated zone. Without this conceptual model, no meaningful computer
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modeling would be possible. These data can be used to begin calibration of
the unsaturated flow models SEMTRA and TRACR3D. A closely cocrdinated
effort is planned between the modeling and the data collection activity at
the Test Trench.

Greater emphasis needs to be placed on collection of laboratory data
(applicable to the RWMC subsurface envi%onment) pertaining to chemical
properties (e.g., sorption and solubility) of the key radionuclides.
Laboratory studies should be undertaken to address the issue of possible
colloidal transport of selected radionuclides. |

Additional geologic characterization of the RWMC is needed with
particular emphasis on identifying zones in the basalt that might act as
preferential pathways. Basalt core samples should be examined and tested
in the laboratory to characterize the nature of basalt porosity. Fracture
Togging should be performed to provide data on the fracture frequency,
aperture, and orientation. Geologic evaluations are needed to address the
question of potential large-scale discontinuities through the basalts.
This type of information is crucial to the analysis of contaminant
transport through the vadose zone.

5.6 Radionuclide Concentrations

5.6.1 Introduction

Interbed sediment samples obtained during drilling activities at the
RWMC were subjected to several analytical procedures to determine the
presence of 29 radionuclides. These radionuclides are listed as follows:

46 103 152

Sc Ru Eu
SISC 106Rh 154Eu
54 110 : 155

Mn mAg Eu
58Co 124Sb 181Hf
60Co 125Sb 182Ta
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59Fe 134CS 203Hg
GSZn 137Cs 238Pu
9USr 14lCe 239.240Pu
ag 144 241

JJZr *'VTCe f_'rJ.Am
96Nb 144Pr

From this listing of 29 radionuclides, seven radionuclides were
positively detected at measurable levels (measured value was greater than
238 239,240 241

Pu Pu, Am,
Eu. The radiochemistry laboratory
239,240pu and 241

£ 241

three times the standard deviation):
905r 137CS 60 154

analyzed samples for

¥

Co, and

238Pu,

spectrometry. (The presence o

Am using alpha

Am was determined by both alpha
spectrometry and gamma counting, but because the alpha calculation is more
sensitive and accurate, only the alpha spectrometric value is listed.)
Beta counting was used for 905r analysis. These alpha and beta values
were determined by using 1000 minute and 200 minute counts, respectively
(unless otherwise indicated in the tables). 137Cs’ GOCO, and 154Eu

were measured by gamma counting. Sediment-water samples collected from
porous cup lysimeters were analyzed for the same 29 radionuclides.
Analyses of sediment-water samples will aid in determining the extent of

radionuclide contamination and the degree of contaminant mobility.

5.6.2 Summary of Accomplishments

A total of 112 sediment samples from the FY-1985 shaliow drilling
program and 30 sediment samplies from FY-1986 shallow drilling program were
submitted for radiochemical analyses using gamma spectroscopy, alpha-
spectroséopy, and beta counting. A total of 14 sediment samples from the
FY-1986 deep drilling program were submitted for these same radiochemical
analyses. In addition, twelve sediment-water samples collected from porous -
cup lysimeters were subjected to alpha, beta, and gamma radionuclide

determinations.
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5.6.3 Discussion

5.6.3.1 Sediment Sample Analyses. Results of the radiochemical
analyses of samplies obtained during the FY-1985 and FY-1986 shallow
drilling programs are given in Tables 18 and 19, respectively. Results of

the radiochemical analyses of samples obtained from FY-1986 deep drilling,
along with some of the FY-1987 deep drilling sample analysis results, are
given in Table 20. Of the 29 radionuclides listed in Section 5.6.1, only
those that showed positive results in the samples are listed in the

60Co and 154Eu were not detected in any of the 1986
shallow drilling samples or in any of the deep drilling samples analyzed to

tables. Because
date, these radionuclides are not listed in Tables 19 and 20.

Entries in these tables consist of the reported concentration of each
radionuclide followed by a measure of the analytical uncertainty estimated
at the one standard deviation Tevel. This uncertainty incorporates all

random uncertainties incurred anywhere in the entire measurements process.

A significant number of entries in Tables 18, 19, and 20 have negative
signs. Obviously, negative concentrations cannot be real. They arise
because both gross (sample plus background) and background radicactivity
counts are subject to the same random variation. When gross radioactivity
is about the same as background radioactivity, the difference (the

calculated level of radiocactivity in the sample) is sometimes negative.

Radionuclide determinations are considered to be positive when the
reported concentration is greater than three times the analytical
uncertainty. All analytical uncertainties shown in the tables have been
properly propagated (Sill, 1982). A positive determination is equivalent
to saying there is approximately 99% confidence that the radionuclide is
actually present in the sample.

The majority of positive sample detections listed in Tables 18 and 19
are associated with auger samples collected close to land surface (within
20 inches of the surface). Of the 44 positive values for radionuclides in
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SAMPLE FROM THE FY-1985 SHALLOW DRILLING PROGRAM
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ZdiAm
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*Sample result positive {i.e., greater than three sigma).
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TABLE 19. (continued)

Depth 2389u 239.240Pu

Sample {in.}) {p€i/q} {pCi’q)
Auger Hole W24

209 19 5+9 E-10 57 E-10
C211m 59 1.0 £ 1.1 E-09 5+8 E-10
C213M 113 1.0 £ 1.3 E-09 2+8 £-10
Auger Hole W25

C243M S0 1t+8 E-10 -5 t17 E-14
L2460 162 0.4 £1.,2 E-09 0.4 £1.1 £-09
C247R 179 0.7 £ 1.2 E-09 0.7 £1.0 E-0Y

*Sample result positive {1.e., greater than

three sigma).

24]Am

{uCisq}
~0.4 £ 1.1 E-0%
02 E-09
0.% £ 1.7 £-09
-0.3 £ 1.2 E-09
6.6 £ 1.2 [-0%
0t2 £-0§

Sr
{pCisq)
5+ 4 E-08
-1+ 4 E-08
0t2 E-08
1+4 E-0B
6+6 E-08
1+2 E-08

Cs
uCi/q)
2.7+ 0.8 £-08*
3.3 1.2 [-08
0.9 £ 1.0 F-08
1.5 £+ 0.7 £-08
1+9 E(-D9
18 (-09
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TABLE 20. RWMC SEDIHENT SAMPLE RADIOCHEMICAL ANALYSIS RESULTS: SAMPLES FROM THE DEEP DRILLING PROGRAM

Depth ZEBPU 239.240Pu 241Am SOSr 137CS
Sample (ft-1n.] {uCira) {uCirq) (uCi/g) {pCi’a} pCisg)
Deep Hole D@2 |
B-13 1-2 to 1-8 2.6+ 0.2 [E-07% 1.33 & 0.05 E-06* 1.52 £+ 0.06 E-06* 1.9 £ 0.3 [-07* 7.2 + 1.0 E-08
B-17 ) 9.2 to 9-8 6+9 £E-10 0.6 +1.1 E-09 0.3+1.2 £-09 -2+3 [-08 1+8 [E-09
}-20 15-6 to 16-0 1.49 £ 0.18 £-D8* 2.5 + 0.09 £-071* 5.0 + 0.5 £-08* 1.3 ¢+ 0.3 E-01* 10 +7 E-09
B-30 233-10 to 224-4 1.3+ 0.3 E-09 B+9 E-10 -0.1 £ 1.0 E-09 -2+4 [-08 -2+8 [E-09
D-31 224-4 to 226-4 2.6 £+ 1.1 E-D9 1+8 E-10 0.0 £+ 1.2 E-09 2+3 E-08 4+7 [E-09
B-34 (field split) 230-0 to 230-4 6.5 + 1.9 E-D9* 0.8 +1.0 £-09 0.3+£1.3 E-09 41+ 3.0 -0 +7 E-09
D-34 (lab spitt) 230-0 to 230-4 3.22 + 0,17 E-DB* 5.8 £+ 0.2 E-0B* - -- _—
D-34 {lab spltt, 230-0 to 230-4 1.5 + 0.4 E-09* Z2x3 £-10 - - —
4000-min count)
D-34 (1ab split, 230-0 to 230-4 3.3 £ 0.6 E-D9* 3+4 £-10 - .- _—
4000-mtn count)
B-34A (fleld split, 22%9-8 to 230-0 2.4 £ 0.1 [E-D9* 1t h £-10 -- - -—
4000-min count)
D-34A {1ab split) 229-8 to 230-0 1.3 +£1.1 £-09 -1t1 E-10 - - --
D-34A (Yab split) 229-8 to 230-0 1.4 £ 1.1 £-D9 4 th E-10 - - -
D-15 232-3 to 232-1 1.6 £ 1.7 E-G9 1.1 +1.0 E-09% -0.2 + 1.2 [E-09 2+3 [E-08 T+7 E-09
0-36 233-9 to 2M4.2 1.8 £+ 1.5 E-09 1.1 £ 1.4 E-0% 0.3+ 1.2 E-09 24 E-0B 0+6 E-D9
6-17 234-9 to 215-2 1.4 +1.1 £-09 1.0 £ 0.9 £-09 0.2 £ 1.4 E-09 -3+4 E-0B 1.3 £ 6.7 £-08
Peep Hole BOGA
D-29 47-0 to 49-0 1.5 1.2 E-09 11 E-10 -2 %9 E-10 4+3 £-08 5%+2 ¢€E-08
Deep Hole TWl
D-42 {field split) 101-0 to 101-2 1.7 &£ 0.2 E-08* 1.4 £+ 0.4 (-0 4.4 + 0.2 E-07* 5+4 E-08 --
D-42 {1ab subsplit) 101-0 teo 101-2 1.18 £ 0.17 £-08* 6.1 + 0.3 E-O0O7* 4.7 £ 0.2 E-07* -- -
D-43A {field split) 101-2 to 10-7 1.6 + 1.4 E-09* 1.97 £ 0.13 E-07* 1.0 + 0.68 E-G1* §+3 ¢E-08 --
D-43 (fleld subsplit) 101-2 to 101-7 6.3+ 1.7 E-09* 1.0 ¢ 0.13 E-O7* 1.06 + 0.09 E-07* - -
D-43A {lab subspi¥it) 101-2 to 101-7 6.5 £+ 1.6 E-09* 2.00 £ 0,33 €07 1.37 £ 0.11 £-07+* -— _—
D-47 225-9 to 225-1 -4 ¢t b t£-10 8t7 E-10 ¢ +9 -0 6+3 E-08 --
B-47 {lab subspliit) 225-9 to 225-N 17 E-10 2%6 E-10 0.5 +1.0 E-09 - --
D-48 226-10 to 227-7 0.8 ¢1.7 E-09 3t6 E-10 1.¢ £ 1.4 E-09 3+3 E-08 34+1.6E-08
D-48 {1ab subsplit} 226-10 to 22727 5+%9 £-10 21 E-10 0.7 £ 1.7 E-09 - --
D-48 {1ab subsplit} 226-10 to 227-1 b1 E-10 T+ E-10 0.6 1.2 E-09 - --

*Sample result positive {{.e., greater than three sigma).




FY-1985 and FY-1986 shallow drilling samples, 24 positive results are

The surficial soil of the

associated with the uppermost sample collected.
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TABLE 21. RESULTS OF ANALYSES CONDUCTED 8Y EG&G AND BY RESL: SEDIMENT SAMPLES FROM THE 110-ft INTERBED IN
BOREHOLE TWl :

E6G RESL
! 241 238
Depth 238 233,240 Am Pu 239'240Pu 241,
Sample (fi-1n.) {uCis/g) fuCi/q) {pCi/g} {uCi/q) {pC/q) (uC1/q)
D-43B 101-0 1.1 £ 0.2 £-08* 7.4 £ 0.4 E-07* 4.4 ¥ 0.2 E-07* No split avatlable
D-43B {lab subsplit) 101-0 1.18 ¢ 0.17 E-07* 6.1 + 0.3 E-07* 4.7 + 0.2 E-O7* Ne split avallable
B-43A 101-2 4.6 v 1.4 £-09* 1.97 £+ 0,13 E-07* 1.3 &+ 0.08 E-08* 10 £ 3 E-09* 1.78 £ 0.3 E-07*  B.47 + .95 [-08*
D-43A (Jab subsplit) 101-2 6.3+ 1.7 €-09* 1.90 £ 0.13 E-07* 1.06 t 0.09 E-07* N.D. 1.68 £ 0.09 E-07* 9.08 + .075 E-0F*
D-43A {1ab subsplit) 101-2 6.5+ 1.6 £-09* 2.00 £ 0,13 E-07* 1.37 £ 0.0) E-07* 3.9 & 1.3 £-09 1.7 £ 0.09 £-07* 1.07 t ©.09 E-Q7*

* Sample resull positive {l.e., greater than three sigma}.




sigma level (99% certainty). This lysimeter is located approximately 12 ft

"~ below land surface. Refer to Table 22 for a listing of radionuclide

rARcrAartvmalTARe
Ll Sll el Qi Wil
5.6.3.3 Conclusion. The migration of radionuclides has occurred at
A » 1 1Y, Tal Mahildasgakdnam ~f maddtamiinlddn hans har kabamnm mTamse dm +ha ablalT A
LIE Rk . FIGT T 1 L@ LIV Wi Fauivjiue [ 14T Py 11a LA RTll pldtp!: i LIS DI 1 AW
subsurface of the surficial cover. Most of the positive detections are
presumably associated with the downward movement of radionuclides from the
surface soil The deep migration of radionuclides has followed a downward
path from the buried waste through the highly fractured basalt into the
n

e s t
110-ft interbed and possibly terbed. Results of analyses of
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TABLE 22, RWMC LYSIMETER WATER SAMPLE ANALYSIS RESULTS

Lysimeter Depth 233,240, ¥y andsor 2an
Borehole _Number Date {ft-in.) _pCi/ml uC1/ml
PADY L15 06/13/86 14-4 T £5E-M 6 t5 S E-T1
Wo4a LOS 06/13/86 6-2 2+ 3E-1 2+ 3 E-1
W25 128 05701787 15-6 1+ 4 E-1 2+ 3 E-11
W06 L27 05/01/85 11-9 1+ 3 E-T S B E-11
PAD2 Ltb 06/13/86 8-8 | 2+ 3E-N 1.3 + 0.6 E-10
PAOY L15 04/30/87 14-4 8 +7E-1 5+17 E-N
W23 LO9 06/13/86 - 71-8 2+t 4E-1N 517 E-11
W04 LO4 08/26/86 + 09/04/86%* 15-.5 5+ 4 E-N T+6 E-11
TH4 L8 06/13/86 4.0 4§ £ 7 E-N 1.3 £ 1.3 E-10
W23 Lo8 05/01/81 11-1 6 t6E-1 5.3+ 1.3 E-10v
W05 _ L25 04/30/81 10-0 4 + 7 E-11 1.6 £ 1.2 £E-10
W2 LO1 04/30/817 14-0 2 + 3 E-1 1+5 E-1

*Positive sample result (greater than 3 times sigma).

**L04, W04 s a composite sample from two days sampling.




6. CONCLUSIONS

he Subsurface Investigations Program at the RWMC made progress in

FY-1987 toward obtaining its two program objectives: a field calibration

of a model to predict 1ong-term radionuclide migration and measurement of

1 for evaluation of radionuclide content in the interbeds, to
determine geologic and hydrologic characteristics of the sediments, and to
provide as monitoring sites for moisture movement in these sediments.

Strict contamination controls were followed during drilling and sampling to
ensure core samples were not cross-contaminated.

A health physics survey was conducted daily to guard against
cross-contamination between surficial background radicactivity and
sedimentary samples from the interbeds. Positive smear values were
detected from the driliing of boreholes TWl and D15. However, there is no
association between these smears and sampling of the inte;beds; the
positive detections were presumably a result of contact with dust from
surficial sediment.

Two deep boreholes were instrumented with heat dissipation sensors and
suction Tysimeters. Instrument readings were taken from 23 shallow auger
holes, two neutron access tubes, and three deep borehoies on a monthly
basis. A database was set up to store the large volume of data collected
since June 1985 for this program. Data were input and stored on an IBM=AT
using the DBASE [II software package.

Core sampies from the weighing lysimeters were analyzed for particle
size distribution and with x-ray diffraction. Reading from the sensors in
the weighing lysimeters were discontinued. Weight data will be recorded.

The meteorological station at the Test Trench was modified to provide

additional data to determine evapotranspiration rates at the RWMC.

Thermocoupie psychrometers were calibrated for sensor rotation and
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calibration verification. Preparations were instigated for the
installation of a simulated waste trench. Soil cores from test trench
auger holes were analyzed for particle size distribution, mineralogy and

soil moisture characteristic curve.

Twenty-four soil water samples were collected from suction lysimeters

and analyzed for major ion chemistry.

Organic chemicals were detected in water samples collected from USGS
aquifer monitoring wells surrounding the RWMC and from air samples
collected from boreholes drilied within the SDA. Concentrations of carbon
tetrachloride, chloroform, 1,1,1-trichloroethane, and trichloroethylene
were found above detection limits in several RWMC water wells. One sample
exceeded proposed EPA maximum concentration levels of 5 ug/L for drinking
water. Carbon tetrachloride in the air of one of the boreholes exceeded
the EPA recommended time weighted average (TWA) value of 30 mg/m3.
Drilling and instrumenting of boreholes for this program was discontinued
so that procedures could be revised to deal with these organic substances.

Sampling of ambient air, air in boreholes, and soil gases was
conducted at the RWMC to determine the identity, location, and relative
concentration of selected chlorinated and aromatic VOCs. These sampling
efforts indicated that carbon tetrachloride, 1,1,1~trichloroethane,
trichlorcethylene, and tetrachloroethylene are migrating from a number of
the pits. The major sources of organics are Pits 4, 5, 6, 9, and 10.
Measurable concentrations of VOCs occur in soil gases at distances from
2000 to 3400 ft from the SDA boundary. Analyses of gases collected at
various depths from holes north and east of the SDA indicate maximum gas
concentrations around 100 ft, and measurable concentrations to 570 ft.

Data collected for the Net Downward Flux portion of the study were
graphed and examined for trends. The Towest matric potentials generally
occur in areas where water collects at land surface during portions of the
year. These areas include drainage and flood control ditches, small
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depressions where runoff or snow melt accumulates, and areas flooded in the
past. Data collected outside the SDA indicates larger matric potentials

{valativ L.
vieravi

A CTYA
ly dryer nan within the SDA.

...... Ll

D e s. Several of the holes exceed field capacity
(values less than 0.1 - 0.2 bars tension), indicating the potential for
gravity drainage.

Neutron data indicates the active zone of moisture in the sediments
extends to a depth of 6 to 7 ft below land surface. Moisture above this

Anmdb I
geEpuni i

s affected by seasonal cycies of precipitation and evaporation,
whereas moisture beneath this depth moves downward, predominately by the
force of gravity. Hydraulic gradients calculated from instrumentation

ownward moisture movement during much of the year for several of
1

Jevelopment focused on a detaiied review of
previous vadose zone modeling studies at INEL, acquisition and installation
of a suite of computer models for unsaturated fiow and contaminant

fa

rdnsport, and preliminary appiications of computer modeis using site
specific data.

Examination of past modeiing efforts indicates the need for an
adequate data base and field calibrated models to obtain reliable
predictions. Thirteen models and codes were installed on the CRAY

......... L

computer; the models are being refined and will be used to evaluate

G‘I
radionuclide and chemical transport in the RWMC subsurface environment.

A vapor reiease modei was used to simuiate the vapor piume history

re

from 1966 to 1987. The preliminary computer simulation indicated that
n

rom the pit in the vapor phase, of which about 90 percent has

escaped to the atmosphere and that this organic vapor plume extends to the
water table of the Snake River Plain Aquifer.
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A total of 142 soil samples from shallow auger holes drilled during
FY-1985 and FY-1986 were subjected to radiochemical ana]yses; These
samples were augered from the surficial cover of the RWMC. Results of
these analyses indicate that most migration is occurring near land surface
and may be related to downward migration of radionuclides from weathering
of the sediment at land surface. Positive values detected from sediments
deeper in the surficial cover (to 21 ft) indicate migration of
radionuclides from buried waste.

Twelve sediment-water samples were collected from suction lysimeters
installed in auger holes drilled during shallow drilling in FY-~1986 and
FY-1986. A positive value was detected in one of these lysimeter water
samples.

Deep drilling during FY-1986 and FY-1987 produced 27 samples for
radiochemical analysis. Positive plutonium concentrations at three times
the standard deviation (99% certainty) were detected at the 110-ft
interbed. Positive plutonium values at the 240-ft interbed could not be
confirmed.

The body of subsurface data available to date provides good evidence
that radionuclides have migrated from the buried waste downward to the
110-ft sedimentary interbed and some evidence that migration has occurred
to the 240-ft sedimentary interbed. The amount of water available as the
transporting agent has been reduced by improvements made to the surface
drainage system at the RWMC. Volatile organic compounds from the buried
waste have migrated through the unsaturated zone primarily as vapors but
also as liquids. These compounds have been detected at Tow concentration
in water from the Snake River Plain Agquifer.
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APPENDIX A
GEOLOGIC DESCRIPTION OF DEEP DRILLING SAMPLES

The deep drill heles were drilled using several different sampling
methodologies to optimize sample recovery in the various geologic
materials. Basalt was drilled with either a tricone bit or a wire line
coring tool. Sample descriptions are more complete from the cored
intervals than those drilled with a tricone bit because the intervals
-i-i R R -4 P, ] 'II -

driiled with a tricone bit have very small samples obtained from a cyc

separator.

The interbeds were sampied using a HXB wire line drilli sy stei
Shelby tube samplers. The descriptions are for the sediment samples
contained in the shoe of the sampler for the specified depths. The depth
relative to land surface, texture, sorting, color, and roots were
determined in the field with some textural classifications supplemented by
LaMotte test results. Texture refers to the relative proportions of sand,

v 9
§

silt, and clay in the sampie. In a sampie with a name such as sandy silt,
the sample is predominantly silt with a lesser amount of sand. 1If the
LaMotte test was used, a parenthesis will follow the textural name with the

percentage of sand, siit, and ciay in that order. Munsell soii color

charts were used to determine color.



TABLE A-1.

DRILL HOLE Tw-1

{Fft-in.}

Depth

0-0
16-9

21-9
26-0

30-0
45-0

50-0
55-0
60-0
65-0
70-0
T1-0

73-0
76-0
87-9

91-9

95-8

98-2

101-2
101-7

to

to

to

to

to

to

to
to
to
to
to

to

to
to

to

to

to

to

to

to

16-6
21-9

26-0
30-0

45-0
50-0

55-0
60-0
65-0
70-0
71-0
73-0

76-0
87-9
91-9

95-8

98-2

101-2

101-7
101-9

Sampile

Number

D-u1
D-42

D-43
D-44

Sample
Recovery

{%) Tool Sample Description

NA Auger --

100% HXB wireline core Dense, basalt, gray (2.5Y 6/0) fractured,
fractures filled w/sediment, few vesicles

- Tricone bit Basalt, hard
- Tricone bit Rubbte zone, sandy silt, light yeliowish brown
{10YR 5/3) and reddish basalt

- Tricone bit Basalt, gray

NA Tricone bit Basalt, purpte, possibie rubble zone lost
circutation

NA Tricone bit No sample, presumably basalt

NA Tricone bit No sample, presumabiy basalt

NA Tricone bit No sample, presumably basalt

NA Tricone bit Basait, gray

NA Tricone Bit No sample, presumabiy basait
NA Tricone bit No sample, penetration rate increased, softer
material
NA Tricone bit No sample, presumably basalt
NA Tricone bit No sample, poor circuiation, void 76-0 to 76~6
81 H¥XB wiretine core Basalt, dense, smai! vesicles, fractured,
fractures filled w/silt, gray {10YR 5/1)

100 HXB wireline cors Basalt, dense, fractured, fractures filied
w/sitt, gray [(10YR 5/1), Botitom 1 inch of
core is rubble with silt and sand.

100 HXB wireline core Basalt, dense, gray (10YR 5/1)

100 HXB wireling core Basalt, dark gray (2.5¥YR 3/0) Bottom 2 inches

K clay, brown (10YR 5/4), wet
100 Shelby tube Sandy silt, poorly sorted, red (2.5YR 5/8), dry
100 Shelby tube Sandy siét, well sorted, weak red (10R L/h4),

slightily moist, no reaction with HCI



TABLE A-1. (continued)

Too!

Sampie Dascription

Samp le
Depth Sample Recovery

{ft-in.) Number (%)

101-9 to 103-5 D-45 25
103-5 to 108-0 - --
108-0 to 112-0 -- -
112-0 to 123-0 - -~
123-0 to 128-0 - -
128-0 to 133-0 - -
133-0 to 138-0 -- -
138-0 to 143-0 - -
143-0 to 168-0 - -
168-0 to 170-0 - -
170-0 to 173-0 - A
173-0 to 178-0 - -
178-0 to 183-0 - -
1830 to 194-0 - -
194-0 to- 218-11 - -
218=11 to 223-11 D-U6 100
223-11 to 225-11 D-47 46
225-11 to 227-7 0-u3 100

HXB wireline core

Tricone bit
Tricone bit
Tricone bit
Tricone bit
Tricone bit
Tricone bit
Tricone bit
Tricone bit
Tricone bit

Tricane bit

Tricone bit
Tricone bit
Tricone bit

Tricone bit

{7-5/8
(5-7/8
{5-7/8
{5-1/8
(5-7/8
{5-7/8
{5-1/8
{5-1/8
(5-7/8
{5-7/8

{5-7/8
(5-7/8
{>-7/8
{5-7/8

HXB wireline core

HXB wireline core

HXB wireline core

in.}
in.,)

in.)

in.}) .

in.)
in,)
in.}
in,)
in.}

in.)

in.,)}
in.)
in,)

in.}

Silty sand, very fine to coarse grained,
poorly sorted, wel| rounded to angular,
Quartz grains are mostly frosted, no reaction
with HCI

No sample

Basalt, qray

Basalt, gray

Basalt, gray (2.5YR 5/0})

Basait, gray tc weak red (2.5YR 5/2)
Basalt, gray to reddish gray (108 5/1)
Basalt, gray-reddish gray {(10R 5/1)'
Basalt, gray-reddish gray (10R 5/1})
Basalt, gray (7.5YR 4/0)

Basalt, gray {10R /1) penetration rate
increased

No Sample

Basalt, gray (10YR 5/1)
Basalt, gray (2.5Y 5/0)

No sample, poor circulation

Basalt, dense, some vesicites 1V wm, fractured
near top, no sediment fill in fractures, gray
(2.5Y 5/0)

Basalt, gray, to 225°-9°, 225-9 to 225-9 1/2
is clay, well sarted, light gray (10YR 7/2}
moist, 225-9 1/2 to 225-11 is clayey silt,
well sorted red {10YR 5/8) no reaction with
HCL, clay at top of interbed appears to be
transported from above interbed

Clayey silt, well sorted, red (10R 5/8),
strong HCl reaction



TABLE A-1. (continued)
Sampile
Depth Sample Recovery
. fft-in,} Numbe r (%) Tooi Sampie Description

227-T to 228-5 -- 0 HXB wireiine core No sample received

228-5% to 229-6 D-49 100 She by tube Silt, well sorted, reddish yellow {5YR 7/6)
siightiy moist, strong HC} reaction

229-6 to 229-10 == 0 Sheiby tube Lost, shelby tube, nc sample

229-10 to 230-0 D=50 100 Sheiby tube Silt, well sorted, yellowish red (5YR 5/6)
strong HCl reaction, moist

230-0 to 231-1 D-51 g2 Sheiby tube Silt, well sorted, yeltowish red {5YR 5/6)
moist, strong HCiI reaction

231-1 to 231-3 - - Tricone bit (5«7/8 in.) Sitty clay, (00, 38, 62) we!l soried, some
sand, (5YR W/6) strong HCI reaction

231-3 to 232-0 - - Tricone bit {5-7/8 in.) Sandy silt, yeliowish brown (5YR 4/6) slightly
moist, strong HC) reaction

232-0 to 233-3 - -— Tricone bit (5-7/8 in.) Sand, (82, 11, 07), reddish brown {(5YR y4s/4),
poorly sorted, medium to coarse grained,
subangular, quartz feldspar and basalt
fragments, Mild HCI reaction,

233-0 to 233-7 0D-52 & 100 She by tube Sandy silt, (30, 3%, 35), poorly sorted, red

D-53 (2.5YR 4/6)moist, strong HCI reaction

233-7 to 234~6 - - Tricone bit {5-7/8 in.} Sitlty sand, (81, 08, 11}, poorly sorted, very
fine to coarse grained, yellowish red {(5YR
h/6) strong HCE reaction, slight!ly moist,
quartz, feldspar and basalt fragments.

234-6 to 235-6 - - Tricone bit (5-7/8 in.) Sitty sand, (81, 08, 11}, poorly sorted, very
fine to coarse grained, dark reddish brown
(5YR 3/4), siightly moist, strong HC!
reaction, quartz, feldspar and basalt fragments

235-6 to 236-6 - - Tricone bit (5-7/8 in.) Sand, (80, 07, 13), poorly sorted, very fine
to coarse grained, Dark reddish hrown {5YR
3/4), Mild HCI reaction, quartz, feldspar and
basait fragments (70% basalt) siightly moist.

236-6 to 237-6 - - Tricone bit (5-7/8 in.} Sand, (67, 03, 30), pooriy sorted, very fine

to coarse grained. Dark reddish brown [5YR
3/%), mild HCI reaction, quartz, feldspar and
basalt fragments, s!ightiy moist,




TABLE A-2. DRILL HOLE D15

Sample
Depth Sample Racovery
(ft-in.}) Number {%) Tooi Sampie Description
0-0 to 1-6 -— - Auger Silt, (08, 64, 28), well sorted, pale brown
{10YR 6/3) slight HCI reaction
1-6 to 1-9 -- 100 HXB wireline core Vesicular basalt, fractured, gray (7.5YR 5/0),
fractures have sediment in fiflling., Vesicles
are 2-5 mm in diameter
1-9 to 6-9 - 50 HAB wireline core Vesicular basalt, gray (7.5YR 6/0) vesicles are
2=-10 mm in diameter w/white mineralization in
same
6~9 to §-0 -~ - Tricone bit {7=-7/8 in.} Basalt
8-0 to 17-8 - -~ Tricone bit {7-7/8 in,}) Basalt
17-8 to 20-0 - - Tricone bit {7-7/8 in.) Basalt, gray {10YR 6/11}
20~0 to 25-0 - - Triconeg bit {7-7/8 in.) Basalt, gray {10YR 5/1}, some sediment
25-0 to 28-0 - - Tricone bit {7~7/8 in.) Basalt
28-0 to 30-0 - - Tricone bit {(7-7/8 in.) Basalt, gray {10YR &/1}
30-0 to 31-1 - -- Tricone bit {7-7/8 in.) Basalt, increase drilling rate from
30 ft 10 in. to 31 ft &4 in., Possible interbed
31«11 to Iy-9 D=-54 18 HXB wireline core Sandy sitt, (47, 53, 00), dark red (2.5YR 4/8),
no HCIl reaction
34-9 to 39-9 D-55 100 HXB wireline core Sandy silt, dark red (2.5%YR 4/8) no HCt
Reaction, Basalt, dark gray {10YR 5/1) dense
with small vesicles begins at 35 ft 3 in.
Iinterbed 30-10 to 3%-3
39-9 to 41-0 - - Tricone bit 7-5/8 in. Basalt
41-0 to hu-0 - - Tricone bitv 7=5/8 in. Basalt
44-0 to uh4-9 - - Tricong bit 7-5/8 in. Sandy silt, poorly sorted, some roots, red
(2.5YR 5/6} noc HCI reaction, dry
u4y-9 to 46-9 D-56 15 HXB wireline core Basait, vesicular, fractured, top 3 inches

ash-tike, gray (10YR 5/1), fractures filled
with silt, pate brown {10YR 7/3) strong HCI
reaction -



TABLE A-2.

(continued)

Depth Sample
{ft~in,) Numbe r
46-9 to 50-0 -
50-0 to 55-0 -—
55-0 to 60-0 -
60-0 to 68-0 -
68-0 to 75-0 -
75-0 to 80-0 .
80-0 to 88-0 -
88-0 to 89-10 D-57
89-10 to 90-0 -
90~0 to 9u4-4 D-58
94-4 to 96-9 D-59
96-9 to 97-10 --
97-10 to 98-8 D-60
98-8 to 99-3 D-61
99-3 to 99-5 D-62

Sample
Recovery

(%) Taol Sampie Description

- Tricone bit {7=5/8 in.) Basalt, gray to reddish brown.

- Tricone bit {7-5/8 in.) Basalt, gray (2.5YR 5/0)

- Tricone bit (7=5/8 in.}) Basalt, gray (2.5YR 5/0)

-— Tricone bit (7-5/8 in.) Basalt, fractured, gray {2.5YR 5/0)

- Tricone bit {7-5/8 in,) Basalt, fractured, red-gray, fractures filled
with caliche

- Tricope bit (7-5/8 in.} Basalt, gray (2.5Y 5/0), slightly fractured,
fractura filling material is light brownish
gray (10YR 6/2), no HCl reaction

- Tricone bit (7-5/8 in.) Basalt, fractured, gray (2.5Y 5/0) fractures
filted with sediment/caliche, very pale brown
{ 10YR 7/3)

100 HXB wireline core Basalt, dense, horizontal fractures, fractures
fitled with caliche

160 HAB wireline core Basait, very dense

96 HXB wireline core Basalt, vesicular, fractured, gray, large
16 inches long vertical fracture with some
sediment infiltling

31 HXB wireline core Basalt, very vesicular, fractured, dark gray,
fractures filled with wet yellow=-brown
sediment. Bottom 4 inches was interbed,
silty, clayey sand, {57, 23, 2Q) brown (7.5YR
5/6) slight HCl reaction, very wet

0 HXB wireline core No sample

69 Shelby tube Grave!, pooriy sorted, brown {10VR 5/3),
gravel pieces up to 2.5 cm x 1.5 cm, Moist

T Shelby tube Gravel, poorly sorted, reddish brown, moist

Y00 She lby tube Sandy gravel, light red, moist



TABLE A-2. (continued)
Sample
Depth Sample Recovery
[fe~in,} Number . Too! Sample Description
99~5 to 106-0 -- -- Tricone bit (7-7/8 in.} Sandy gravel, coarse, brown {(10VYR 5/3)
106-0 to 106~6 e - Tricone bit {7-7/8 in.) GClayey silt, poorily sorted, brown (10YR 5/3),
moist, no HC| reaction
106-6 to 107-6 D-65 83 HXB wireline core Gravel and clay. 3 inch gravel followed by
clay. Clay is brown (10YR 5/2), moist
107=6 to 108-7 D-66 23 HXB wireline core Clay, well sorted, dark grayish brown (10YR
4s/2), moist, no HCl reaction
108-7 to 111-0 D-67 62 HXB wireline core Ciay, well sorved, brown (10YR 5/3), moist,
strong HCl1 reaction
110-0 to 112-2 D-68 71 HXB wireline core Clay, brown {10YR 4/3) moist,ﬂstrong HCI
reaction, Bottom 3 inches basalt
112-2 to 112-6 D-69 100 HXB wireline care Silty clay, well sorted grayish brown {10YR
5/2), moist, strong HCl reaction bottom
2 inches basalt, vesicular, gray (10YR 5/1)
112-6 to 113-4 D-70 100 HXB wireline core Basait, vesicular, gray (2.5YR 5/2}), vesicles
are approximately 3 mm with sediment infilling
113-4 to 117-4 D-71 100 HXB wireline caore Basalt, vesicular, fractured, gray (2.5Y 5/0),
some sediment in fractures
117~-4 to 123-9 - - Tricone bit (7-7/8 in.) Basalt
123-9 to 129-6 - -- Tricone bit (7=-7/8 in.) Basalt
129-6 to 133-0 - -- Tricone bit (7-7/8 in.) Cinders, red
133-0 to 139-10 - - Tricone bit {7-7/8 in,} Basalt, red {10R 4/2), some obsidian
139-10 to 145-0 - - Tricone bit (7-7/8 in.) Basalt, some olivine
145-0 to ¥70-0 -- - Tricone bit (7-7/8 in.) Basalt with cinder zones
170-0 to 190-0 - - Tricone bit (7~7/8 in.) Basalt, qgray
190-0 to 200-0 -- - Tricone bit {7-7/8 in.) No sample return
200-0 to 210-0 - - Tricone bit {7-7/8 in.} No sample return, void 204-205
210-0 to 215-0 - - Triconeg bit (7-7/8 in,) Basalt, dense



TABLE A-2. (continued)

Sampie
Depgh Sample Recovery
{ft-in.) Numbe r (%} Tool Sample Description

215-0 to 217-2 - - Tricone bit {7-7/8 in.) gasalt, dense, drilting rate increased near
ottom

217-2 to 220-0 D-72 100 HXB wireiine core Basalt, fractured, vesicular, dark gray (10YR
4/1), vesicles 1-2 mm in diameter. Fractures
fitled with gray-green brown sediment.

220-2 to 222-5 D-73 28 HXB wireline core Basalt, dense, vesicufar (top 1-3) basalt,
fractured, fractures filled with sand and ctay
that is brown [(10YR 5/3) and poorly sorted.
This 2zone is 7 inches thick. Bottom 2 inches
is fine silty sand, poorly sorted, reddish
vellow (5YR 6/8), moist, Interbed at 221°-10°

222-% to 224-5 o-~74 73 HXB wireline core Ctay and silt, well sorted, red (2.5YR 4/6) No
) HCI reaction, slightiy moist

224~5 to 226-8 D-75 59 HXB wireline core Clay, silty clay, well sorted red (2.5YR 4/4)
to brown. No HCI reaction, moist

226-8 to 279-5 D-76 3 HXB wireline core Clay, well sorted, red {2.5YR 4/6} strong HCI
reaction, dry

229-5 to 233-5 D-77 67 HXB wireline core Clay grading to silt, weli sorted dark
yvellowish brown (10YR 4/4) strong HCI
reaction, moist

233-5 to 237-4 D-78 100 HXB wireline core Clay grading to siit, well sorted, Brown
{10YR 5/3), strong HCI reaction, moist

237-4 to 239-4 D-79 100 HXB wireline core Clay grading to siit. Cilay, brown (10YR u/3)
grading to silt, thinly faminated with very
fine sand., Yellowish brown {10YR 5/4) reacts
with HCiI, siightly moist

239-4 ro 243-6 3-80 100 HXB wiretine core Basalt, vesicular with a fine white (10YR 8/2)
lining in vesicles, grading to vesicular
basalt, followed by a 2 inch sand layer,
gray-brown {10¥R 4/2) with basait pebbles.
Bottom 3 ft 10 in. is vesicular basalt with
horizontal fractures up to 1 mm wide.
Fractures are sediment Filled, Vesicles are
2-3 cm in diameter, Basait is dark gray
{T.5YR 4/2)




TABLE A-3. DRILL HOLE D10
Sample
Depth Samp le Recovery
(ft-in. ) Number {%} Tooi Sample Description
0 to 8-6 - - Auger No sample
8-6 to 11-4 D-81 65 HXB wireline core Dark gray basalt, smal! to moderate size
vesicles, fractured, soil in fractures
11-4 to 12-0 D-82 50 HXB wireline core pPark gray basalt, smalli to moderate size
: vesicles, fractures

12-0 to 13-6 D-83 a9 HXB wireline core Dark gray basalt, moderate to large siZe
vesicles, dense ’

13-6 to 17-5% D-84 100 HXB wireline core Dark gray basalt, smali to moderate size
vesicles, fractures

17-5 to 22-4 D-8% 100 HXB wireline core Dark gray basalt, dense, few fractures, very
smali to small vesicles

22-4 to 24-86 0~86 100 HXB wirelineg core Dark gray basait, very dense, very few
fractures very smali vesicles

24~-8 to 29-8 D-87 98 HXB wirel ina core Dark gray hasalt, very dense, very few
fractures, very small vesicles

29-8 to 31-6 1/2 D-88 100 HXB wireline core Light to medium gray basatt, very dense, very
few fractures, very small vesicies

31-6 1/2 tc 34-8 D-89 62 HXB wireline core Medium to fine sand, bright reddish orange,
Munseil color is red, ne reaction to HCI,
from 34-0 to 34~8 is a reddish brown ctayey
sitt and clayey very fine sand, dry, no
reaction with HCI :

34-8 to 36-0 D-90 88 HXB wirel ine core Clayey silt and clayey very fine sand reddish
brown color, very moist to wet, no reaction
with HCI

36~-0 to 38-10 3/h - - HXB wireline core Mo sample recovery. Some of this interbed

sediment was sticking to outside of wire line
core: clayey silt and very fine clayey sand,
reddish brown, dry, no reaction with HCI



TABLE A-3.

(continued)

Depth

{fr-in, )

38-10 3/4 to #1-7 1/2

B1-7 1/2

42-3/4

Uuy-i4/5

Y9-4/5

54-3 475

59-3 4/5

62-11

66-2

to

to

to

to

to

to

to

to

2=-3/4
Hy-nuys5

ug-u/5

54-3 4/5

59-3 475

62-11

66-2

69-8

Sample
Number

0-91

D-92

D-25

D-97

D-98

bD-99

Sample
Fecovery
(%)

Tool

Sample Description

o

76
100

92

100

98

97

95

L

HXB

HXB

HXB

HXB

HXB

HXB

HX8

HXB

HXB

wireline

wireline
wireline

wirefine

wireline

wireline

wireline

wireline

wireline

core

core

core

cere

core

core

core

core

core

Dark gray basalt, dense, small to moderate size
vesicles, fractured. Toward bottom of core
interval is cinder zone and brecciated basalt

Dark gray brecciated basait and cinders, medium
size vesicles

Dark gray basalt, fractures, orange brown
sediment in fractures, moderate to large vesicles

Dark gray basait, medium to large vesicles,
large fractures with brown sediment filling
fractures

49 ft 4/5 in. to 51 ft 6 4/5 in.: dark gray
basalt, moderate to large vesicies, large
fractures

51t ft 6 4/5 in, to 54 ft 3 4/5 in.: dark gray
basalt, very dense, small to very small
vesicles, no fractures

54 ft 3/45 in. to 56 f¢ 6 3/10 in.: dark gray
basalt, small vesicles, no fractures, dense

56 ft 6 3/10 in. to 58 ft 4/5 in.: moderate to
dark gray basalt, medium to large vesiclies,
fractures

58 ft 4/% in. to 59 ft 3 4/5 in.: black cinders

Moderate to dark gray basalt, moderately dense
to dense, medium to large vesicles, fractured

62 ft 11 in, to 65 ft O in,: moderate to dark
gray basalt, medium to jarge size vesicles,
fractures

65 ft 0 in. to 66 ft 2 in.: cinders, dark gray
to biack

Dark gray basalt, medium to large size
vesicles, dense, fractures, orange brown
sediment in fractures



TABLE A-3. (continued)

Depth Sample
{ft-in,) Number

69-8 to T4-8 D=-100
T4-8 to 79-0 D=-101
19-0 to 79-11 D-102
79-11 to 84-13 D-103
BA4-11 to 90-2 D~104
90-2 to 95-2 D-105

Sample
Recovery
{%} Joo! Sample Description
100 HXB wireline core 69 ft 8 in. to 73 ft 11 1/2 in.: dark gray
basalt, medium tc large size vesicles, dense
fractures, arange brown sediment in fractures
73 ft 11 1/2 in, to 74 ft 8 in.: cinders, black
100 HXB wireline core Th ft 8 in. to 75 ft 6 in.: conders, red brown
75 ft 6 in, to 79 ft 0 in. dark gray basalt,
medium to large sizZe vesicles, dense,
fractures, sediment in fractures
23 HXB wireline core Medium gray basalt, moderate to large size
vesicles
100 HXB wireline core Dark gray basalt, large to very large sizZe
vesicles, dense, fractures, sediment in fractures
160 HXB wiretine core Dark gray basalt, very small size vesicles to
no vesicles, very dense, few fractures,
fractures filled with clay
&8 HXB wireline core 90 ft 2 in, to 92 ft 6 in.: moderate gray

basalt, very small vesicles, very dense, few
fractures

92 ft 6 in. to 95 ft 2 in.: dark gray basalt,
moderate to large size vesicles, fractured

The "110-ft" interbed was reached with this
core. Sediment was not recovered; however, the
bottom of the basalt core was covered with
reddish orange sediment




APPENDIX B

GEOLOGIC DESCRIPTION OF WEIGHING LYSIMETER AND
TEST TRENCH SAMPLES

B-1



TABLE B-1. PARTICLE SIZE ANALYSIS, EAST LYSIMETER SAMPLE
Depth--8.75-10.75 in

SIZE CLASS METHOD OF WEIGHT IN WEICHT % IN CUMULATIVE
(mm) ANALYSIS CLASS # CLASS WEIGHT %

>4.75 DRY SIEVE 0.80 1.19 1.19
4.,75-0.425 DRY SIEVE 1.33 1.99 3.18
0.425-0.074 DRY SIEVE 14.90 22.24 25.42
0.074-0.062 PIPET 7.75 33.17
0.,062-0,031 PIPET 2460 57.77
0.031-0.016 PIPET 17.90 75.67
0.016-0.008 PIPET FCR 7.46 83.13
0.008-0.004 PIPET <0.074 mm 3.72 86.85
0.004-0.002 PIPET TOTAL WT.=- 4.47 91.32
0.002-0.001 PIPET 49,96 1.49 92.81
0.001-0.0005 PIPET 1.73 96.54
<0.0005 PIPET 3.3% 99.8¢%
TOTALS 65.99 99.89 99.8%

* ALL WEIGHTS IN GRAMS



TABLE B-2. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1

Depth--1.0 ft

-------------------------------------------------------------------

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % 1IN CUMULATIVE
(mm) ANALYSIS CLASS # CLASS WEIGHT
>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.00 0.00 0.00
0.50-1.00 DRY SIEVE 0.04 0.18 0.18
0.25-0.50 DRY SIEVE 0.66 2.97 3.15
0.125-0.25 DRY SIEVE 1.44 6.47 9.62
0.062-0.125 DRY SIEVE 2.04 9.17 18.79
0.031-0.062 PIPET 28.15 46,94
0.016-0.031 PIPET 12.99 59.93
0.008-0.016 PIPET FOR 6.50 66.43
0.004-0.008 PIPET <0.062 mm 10.83 77.26
0.002-0. 004 PIPET TOTAL WEIGHT=- 2.17 79.43
0.001-0.002 PIPET 18.07 4.33 83.76
0.0005-0.001 PIPET 2.17 85.92
<0.0005 PIPET 14.08 100.00
TOTALS 22.25 100.00 106.00
TARLE B-3., PARTICLE SIZE ANALYSTS, NEUTRON ACCESS HOLE-1
Depth--2.0 ft

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE

(mm) ANALYSIS CLASS * CLASS WEIGHT %
>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.03 0.13 0.13
0.50-1.60 DRY SIEVE 0.04 0.17 0.30
0.25-0,50 DRY SIEVE 1.10 4.69 4.99
0.125-0.25 DRY SIEVE 2.71 11.56 16.55
0.062-0.125 DRY SIEVE 3.23 13.78 30.33
0.031-0.062 PIPET 17.91 48.25
0.016-0,031 PIPET 11.94 60.19
0.008-0.016 PIPET FOR 11.94 72.13
0.004-0.008 PIPET <0.062 mm 3.98 76.11
0.002-0.004 PIPET TOTAL WEIGHT= 5.97 82.09
0.001-0.002 PIPET 16.33 1.99 84.08
0.0005-0.001 PIPET 1.99 86.07
<0.0005 PIPET 13.93 100.00
TOTALS 23.44 100.00 100.00

# ALL WEIGHTS IN GRAMS



TABLE B-4. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--3.0 ft

....................................................................

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE
(mm) ANALYSIS CLASS * CLASS WEIGHT %

>4.00 DRY SIEVE G.GG 0.00 G.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2,00 DRY SIEVE 0.01 0.03 0.03
0.50-1.00 DRY SIEVE 0.01 0.03 0.07
0.25-0.50 DRY SIEVE 1.42 4,93 5.00
0.125-0.25 DRY SIEVE 2.90 10.08 15.08
0.062-0.125 DRY SIEVE 3.46 12.02 27.10
0.031-0.062 PIPET 23.33 50.43
0.016-0.031 PIPET 15.55 65.98
0.008-0.018 PIPET FOR 7.78 73.78
0.004-0,008 PIPET <0.062 mm 5,83 79.59
0.002-0,004 PIPET TOTAL WEIGHT= 5.83 85.42
0.001-0.002 PIPET 20.98 1.94 87.36
0.0005-0.001 PIPET 0.00 87.36
<0.0005 PIPET 12.64 100.00
TOTALS 28.78 100.00 100.00

TABLE B-53. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--4.0 ft

--------------------------------------------------------------------

SIZE CLASS METHOD OF WEIGHT IN WEIGHT & IN CUMULATIVE
(mm}) ANALYSIS CLASS * CLASS WEIGHT %
>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4,00 DEY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.00 0.00 .00
0.50-1.00 DRY SIEVE 0.01 0.04 0.04
0.25-0.50 DRY SIEVE 0.32 1.13 1.16
0.125-0.25 DRY SIEVE 1.83 6.45 n7.61
0.062-0.125 DRY SIEVE 3.71 13.08 20.69
0.031-0.062 PIPET 29.61 50.30
0.016-0.,031 PIPET 10.57 60.87
0.008-0.016 PIPET FOR 6.34 67.22
0.004-0.008 PIPET <0.062 mm 4,23 71.45
0.002-0.004 PIPET TOTAL WEIGHT= 4.23 75.68
0.001-0.002 PIPET 22.50 4.23 79.91
0.0005-0.001 PIPET 2.11 82.02
<0.0005 - PIPET 17.98 100.00
TOTALS 28.37 100,00 100.00

* ALL WEIGHTS IN GRAMS



TABRLE B-6._ PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--5.0 ft :

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE
{mm) "~ ANALYSIS CLASS = CLASS WEIGHT %
>4.,00 DRY SIEVE 0.00 0.00 ¢.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2_00 DRY STEVE 0.08 Q.29 0.29
0.50-1.00 DRY SIEVE 0.07 0.26 0.55
0.25-0.50 DRY SIEVE 2.23 8.17 8§.72
0.125-0.25 DRY SIEVE 3.83 14.04 22.76
0.062-0.125 DRY SIEVE 2.48 9.09 31.85
0.031-0.062 PIPET 7.27 39.12
0.016-0.031 PIPET . 9.0% 48.21
0.008-0.01¢ PIPET FOR 9.09 57.30
0.004-0.008 PIPET <0.062 mm 9.09 66,38
0.002-0.004 PIPET TOTAL WEIGHT= 5.45 71.83
0.001-0.002 PIPET 18.59 5.45 77.28
0,0005-0,001 PIPET -3.63 73.65
<0.0005 PIPET 26.35 100.00
TOTALS 27.28 100.00 100.00

TABLE B-7. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1

Nanth_-_& O f&
Mo esdiT TN e s

--------------------------------------------------------------------

SIZE CLASS METHOD OF WEIGHT IN WEIGHT & IN CUMULATIVE
{mm) ANALYSIS CLASS * CLASS WEIGHT & .
>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.00 0.00 0.00
0.50-1.00 DRY SIEVE 0.02 0.08 0.08
0.25-0.50 DRY SIEVE 2.93 12.15 12.23
0.125-0.25 DRY SIEVE 4.42 18.33 30.56
0.062-0.125 DRY SIEVE 2.30 9.54 40.09
0.031-0.062 PIPET 15.25 55.34
0.016-0.031 PIPET 2.18 57.52
0.008-0,016 PIPET FOR 10.89 68.41
(0.004-0.008 PIPET <0.062 mm 6.54 74.95
0.002-0.004 PIPET TOTAL WEIGHT= 4.36 79.30
0.001-0.002 PIPET 15.55 4.36 83.66
0.0005-0.001 PIPET 0.00 83.66
<0.,0005 PIPET 16.34 100.00
TOTALS . 24.12 160.00 100.00

* ALL WEIGHTS IN GRAMS



TABLE B-8. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--8.0 ft

SIZE CLASS METHCD OF WEIGHT IN WEIGHT % IN CUMULATIVE
(mm) ANALYSIS CLASS * CLASS WEIGHT %
=4 00 DRY SIEVE .00 ¢.00 ¢.00
2.00-4.00 DRY SIEVE 0.00 0.00 0.00
1.00-2.00 DRY SIEVE 0.00 0.00 0.00
G.50-1.00 DRY SIEVE 0.00 0.00 0.00
0.25-0.50 DRY SIEVE 0.82 3.61 3.61
0.125-0.25 DRY SIEVE 2.40 10.57 14.18
0.062-0.125 DRY SIEVE 2.23 9.82 24.00
0.031-0.062 PIPET 24.32 48.32
0.016-0,031 PIPET 8.11 56.43
0.008-0,016 PIPET - FOR §.11 §4.53
0.004-0.008 PIPET <0.062 mm 2.03 66.56
0.002-0.004 PIPET TOTAL WEIGHT= 6.08 72.64
0.001-0.002 PIPET 17.26 2.03 74.67
0.0005-0,001 PIPET 6.08 80.75
<0.0005 PIPET 19.25 100.00
TOTALS 22.71 100.00 100.00
TABLE B-9. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--9.0 ft

STIZE CLASS METHOD OF WEIGHT IN WEIGHT & IN CUMULATIVE

(mm) ANALYSIS CLASS * CLASS WEIGHT %
>4,00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 G.G0 G.00
1.00-2.00 DRY SIEVE 0.00 0.00 0.00
0.50-1.00 DRY SIEVE 0.04 0.17 0.17
0.25-0.50 DRY SIEVE 0.40 1.70 1.87
0.125-0.25 DRY SIEVE 1.58 6.70 . 8.56
0.062-0.125 DRY SIEVE 2.11 8.94 17.51
0.031-0.062 PIPET 22.00 39.51
0.016-0.031 PIPET 17.60 57.10
0.008-0.016 PIPET FOR 4.40 61.50
G.004-0.008 FIPET <0.06Z mm 6.60 68.10
0.002-0.004 PIPET TOTAL WEIGHT= 8.80 76.90
0.001-0.002 PIPET 19.46 2.20 79.10
0.0005-0.001 PIPET 6.60 85.70
<0.0005 PIPET 14.30 100.00
TOTALS 23.59 100.00 100.00



TABLE B-10. PARTICLE SIZE ANALYSIS, NEUTRON ACCESS HOLE-1
Depth--10.0 ft

--------------------------------------------------------------------

SIZE CLASS METHOD OF WEIGHT IN WEIGHT % IN CUMULATIVE
{mm ) ANALYS1S CLASS # CLASS WEIGHT %

>4.00 DRY SIEVE 0.00 0.00 0.00
2.00-4.00 DRY SIEVE 0.00 0.00 .00
1.00-2.00 DRY SIEVE 0.00 0.00 0.00
0.50-1.00 DRY SIEVE 0.00 0.00 0.00
0.25-0.50 DRY SIEVE 0.85 2.68 2.68
0.125-0.25 DRY SIEVE 2.90 9.15 11.83
0.062-0.125 DRY SIEVE 3.00 9.46 21.29
0.031-G.062 PIPET 20.99 42.28
0.016-0.031 PIPET 8.40 50.68
0.008-0.016 PIPET FOR 12.59 63.27
0.004-0.008 PIPET <0.062 mm 2.10 65.37
0.002-0.004 PIPET TOTAL WEIGHT= 8.40 73.76
0.001-0.002 PIPET 24,95 2.10 75.86
0.0005-0.001 PIPET 6.30 82.16
<0.0005 PIPET 17.84 100.00
TOTALS 31.70 100.00 100.00

* ALL WEIGHTS IN GRAMS



TRBLE B-11.

SEDINENT SAHFLE CHARRCTERISTICS,

MEUTRON ACCESS HOLE-1,

1.0 FT DEPTH

b o e A ———— = — - — " . = . o == i i ok il o B ek Ak B R T W R A T Y P == i ) T o £ L AN M R W A M W N W M AN W e e e L T 4 b b U m e ik e e Ak e S o m mm  m  — m — — — — —  a — r dm

SIZE CLRASS
CHmND

BULK SAHPLE

REFICTION TO
108 HC1

noderate 10YR

5/2..

ned.

yellouw-broun

ROUNDNESS
%

SPHERICITY

MINERALOGY
N

quartz 50
plagioclase 252
basait fragments 202
calcite 32
chert 7 22

L PR R A A S R AR A R M S A M e T T R M e e e e e ek B A D T T WD e e e A e e e A e N A S A M S e e R A e e kb

2.60-4.00
1.00-2.090

N0 FRACTIORS OF THESE SIZES
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0.50~1.00

0.25-0.50

0.125-0.25

noderate

B

noderate 10VR

orange~yellow bromn

sub-angul ar

0.9

quartz
plagioecliase
basalt fragnents
ninor calcite

e e e e o e e A A S R AR e e P . e e G R e e 4R S e o A AR S SN A AL S M R S R D M G M A A e e e e

yellow bromn

0.3, sub-angular

quartz
plagioclase
basalt fragments

quartz
plagioclase
basalt fragments
ninor calcite

L FROH GEOLOGICAL SOCIETY OF ﬂMERICH ROCK COLOR tHﬁRT
kx FROH KRUNBEIM & SLOS5S5, 1

- ®xE APPROXIMATE

%63,

STRATIGRAPHY AND SEDIHEMYRTION, H.H.
Z BIVEN FOR 8ULK SANPLE,

FREEHAN & CO.,
KINERALOGY FOR IMDIVIBUAL FRACTIORS LISTED IN DECREASIMG ABUNDANCE.

quartz
plagioclase
basalt fragnents
minor calcite

quartz
plagioclase 7
basalt fragrments ¢

&60 PP.



TABLE B-12. SEDIMENT SAHPLE CHARACTERISTICS, MEUTRON ACCESS HOLE-1, 2.0 FT DEPTH

S1ZE CLRSS REACYION TO COLOR ROUKORESS SPHERICITY HINERRLOGY
Crnd 102 HE1 x 3% xa L34
-HULK SARPLE noderate 10¥YR 572, ned. yellou-broun 0.%, sub- roundod 0.7 _quartz 602

plagioclase ISR
basalt fraguents 202
calcite 32
chert 22

2.00-4.00 sxuxx N0 FRACTIONS OF THESE 4S12ES =xaxx
1.00-2.00 slight 10¥R 3/2, dark greyish broun 0.5, sub-rounded 0.7 basalt fragments

0.50-1.00 noderate 10¥R 6/2, pale yeollow broun 0.%, sub-rounded 0.7 quartz
. plagioclase
bazalt fragnents
ninor calcite

0.25-0.5%0 noderate 10¥R 5/2, mned. yellouw broun 0.%, sub-rounded 0.3 basalt fragmnents
quartz
plagioclase
calcite

0.125-0.25 nmoderate 10¥R Sr/2, ned. yellow broun 0.5, sub-rounded 0.s% ) quartz
basalt fragnents
plagioclase
ninor calcite

" — iy " o T M i " T T A e M A R S AR de e v e o M e e M e W b A R e M R R S A AR A M S W R I B8 S ek e B dme oy A Yo A e W Y e S

0.062-0.325 strong 10YR 5/2, ned. yellow broun 0.3, sub-angular 0.5 quartz
plagioclase
basalt fragnents
ninor calcite
<0.062 strong 10¥YR 6/2, pale yellow broun 0.3, sub-angular . .5 quartz
plagioclase 7©
basalt fragnents ¢

3 FROH GEOLOGICAL SOCIETY OF ANERICA ROCK CﬂLBR CHRART
ux  FROH KRUNBEIN % SLOSS, 1963, STRATIGRAPHY AND SEDIWENTATION, H.H. FREEHAN & CB8., 660 PP.
vx® APPROMIMATE 2 GIVEN FOR BULK SAMPLE, MIMERALOGY FOR INDIVIDUARL FRACTIONS LISTED IN DECRERSING ABUNDANCE.



TABLE B—13. SEDIHENT SRHPL

E CHRARACTERISTICS, NEUTRON ACCESS HOLE-1, 3.0 FT DEPYH

SIZE CLASS REACTION TO COLOR ROUNDNESS SPHERICITY HIMERALOGY
Cnnd 102 HC1 3 HE E§ * %%
BULK SAHNPLE nmoderate 10¥R S/2, med. yellou-broun 0.5, sub-rounded 0.7 quartz 502
basalt fragments 252
plagioclase 20%
quartzite pebbles 42
calcite 12
>4.00
2.00-4.00 xxuxx HNO FRACTIONS OF THESE SIZES RxxXxx
1.00-2.00 slight 10¥YR 2/2, dusky yellouw brown 0.7, rounded 0.9 qu.rtzztn pebbles
0.50-1.00 2light 10VR 272, dusky yellauw brokin 0.3, sub-angular 0.5 quartzite pebbles
basalt fragnents
0.25-06.50 slight 10¥R S5/2, ned. yellouw broun 0.3, sub-angular 0.5 quartz
: basalt fragnents
plagioclase
0.125-0.25 noderate 10¥R 572, ned. yellou broun 6.7, sub-rounded 0.7 quartz
plagioclase
basslt fragments
calcite
0.062-0.125 noderate 10¥VR 672, pale yellow broun 0.7, sub-rounded 0.7 quartz
plagioclase
basalt fragnents
<0.062 strong 10¥R 772, pale orange-yellou broun 0.3, sub-angular 0.5 quartz
ninor basalt fragHents

E FRON GEOLOGICAL SOCIETY OF AHRERICR ROCK COLOR CHART

x% FROM KRUHBEIN & SLOSS,

19613,

_STRATIGRAPHY AND SEDINENMTATION, W_H. FREEHAN & CG., 660 PP.

x%% APPROXIMATE ¥ GIVEN FOR BULK SANPLE, WINERALOGY FOR INDIVIDUAL FRACTIONS LISTED IN DECREASING ﬂBUNDﬂNCE.



TRBLE B-14. SEDIHENT SANPLE CHARACTERISTICS, NEUTRON ATCCESS HOLE-1, 4.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUKDHNES! SPHERICITY HIMNERRLOGY
Chnd 10% HC1 L % 3 £33
BUt.K SRHPLE noderate 10¥R 6-2, pale yellow—-broun 0.3, sub-angular .95 quartz 602

plagioclase 252
basalt fragments 142
calcite 12

- = e S e R R N T N T EE S EE am TR FE o PR R M R R Ml e e i e —m o A mm mn e T e = e e o wh A AL R L M e LR R e AR L o AR B B e o L A L ok o A b A TR S S S S R o s w R A vk e A e e e b o 4= e W W v e -

>4.00
2.00-4.00 uxu%x HNO FRACTIONS OF THESE SIZES %Xkxux
t.00-2.00
0.50-1.00 slight 10Y¥R 672, pale yellow-broun 0.5, sub-rounded 0.v¢ basalt fragments
quartz
plagioclase
6.25-0.50 noderate SYR 771, light yellow olive grey 0.3, sub-angular 0.5 quartz
plagioclase
basalt fragmnents
ninor calcite
0.125-0.25 nmoderats 10YR 5/2, ned. yellow broun 0.3, sub-angular 0.7 quarte
plagioclase
basalt fragnents
calcite
0.062-0.125 noderate 10¥R 6,2, pale yellow broun 0.3, sub-angular 0.5 quartz
plagioclase
basalt fragnents
<0.062 noderate 10YR ?/2, pale orange-yellow bromun 0.3, sub-angular 0.5 quartz

plagioclase
basalt fragmnents

e T W T U A P M S W R W W T T Y R W e W T o e e e e i e A e T R M A M e P e e e a1l e - T - —

3 FROM GEOLOGICAL SOCIETY OF ANERICA ROCK COLOR CHARRT
% FROMW KRUMBEIN & SLOSS, 1963, STRATIGRAPHY AND SEDIMENTATION, W.H. FREEHAHN & CO., &60 PP.
wxx APPROXIMATE 2 GIVEN FOR BULK SAHPLE, MIMERALOGY FOR INDIVIODUAL FRACTIONS LISTED IN DECRERSING ABUNDANCE.

R L L e R



TRBLE B-15. SEDINENT SAMPLE CHARACTERISTICS, NEUTRON ACCESS HOLE-1, 5.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUMNDNESS SPHERICITY HINERALGGY
CHnd 102 HC1 * * E 1 ] NWN
BULK SAHPLE slight 10YR 5/2, med. yellou-broun 0.5, sub-angular 0.7 quartz TOR
basalt fragnents 202
plagioclase BR
nuscovite 2%
>4.00
2.00-4.00 Anxxx MO FRHCTIDNS OF THESE SIZES mxuxx
1.00-2.00 slight 10Y¥R 4/2, dark yellouw broun 0.7, rounded 0.7 boasalt fraguonts
¢.50-1.00 slight 10¥R $5/2, ned. yellow-broun 0.7, rounded 0.7 basait fragnents
quartzite T
0.25-6.50 slight 10¥R S/2, med. ysllow broun 0.3, sub-angular 0.5 basalt fragments
quartz
plagioclase
0.125-0.25 wvery slight 10¥YR S/2, ned. ysellow broun 0.1, angular 0.v quartz
plagioclase
basalt fragnents
0.062-0.12% sl:ght 10VR 6/2, pale yellouw broun 0.3, sub-angular 6.7 quartz
plagioclase
basalt fragments
nuscovite
<0.062 slight 10YR 7/2, pale orange-yellou broun 0.1, angular 6.% quartz
. plagioclase
basalt fragnents
nuscovite

% FRON GEOLOGICRL SOCIETY OF ABERICA ROCK COLOR CHARY
%% FROH KRUHPEIN & SLOSS, 1963, STRRTIGRAPHY AND SEDIHENTATION, H.W. FREEWAN & CO., &60 PP.
%% APPROXIMATE z GIVEMN FOR BULK SANPLE, HINERALOGY FOR INMDIVIDUAL FRACTIONS LISTED IN CECRERSING ABUNDANCE.



TABLE B-1i6. SEDIHENT SAHPLE CHRRACTERISTICS, MEUVTRON RCLESS HOLE-1, &.0 FT DEPFH

STZE CLASS REARCTION TO COLOR ROUNDMESS SPHERICITY HIKERALOGY
Crmd 102 HC1 [ ] = % t 3 E ¥ ¥
BULK SHHPLE slight 10¥R &6/2, pale yellou-broun 0.3, sub-angul ar 0.5 quartz H52

plagioclase 302
basalt fragments 5%

o e o e e e o e S A M e e T R o A WR TN R P M e o L A SR e o e o M T e = o ) L L - n " = o - T " A 48 b 4% = Ay = " o

>4.00
2.030~-4.00 ¥xxxX NO FRACTIONS OF THESE SIZES suxx¥
1.00-2.00
0.50-1.00 none - 10YR 6/2, pale yellou-broun 0.1, angular a.v quartz
plagioclase
ninor basalt fragnents
0.25-0.50 slight 10VR 6/2, pale yellcow-broun 0.3, sub-angular 0.9 quartz
plagioclase
ninor basalt fragnents
0.125-0.25 slight 10VR S5/2, ned. yellow broun 0.3, sub-angular 0.5 quartz
plagioclase
basalt fragnents
n.062-0.125 slight 10¥R 772, pale orange-ysllou broun 0.3, sub-angular 0.5 quartz
plagioclase
basalt fragnents
<0.0&62 none 10¥R 572, med. yellou browun 0.3, sub-angular 0.3 quartz

plagioclase 7
ninor basalt fraguents

» FRON GEGLOGICAHL SOCIETY OF AMERICA ROCK COLOR CHART
k% FROH KRUMBEIN & SLOSS, 1963, STRATIGRAPHY AND SEDIHENTATIOGN, H.H. FREEMAN & £0., 660 PP,
kxx APPROXRIHATE 2 GIVEN FOR BULK SRHPLE, RINERARLUGY FOR INDIVIDURL FRACTIONS LISTED IN DECREASING ABUNDANCE.



TABLE B-17. SEDIHNENT SAMPLE CHARACTERISTICS, NEUTRON ACCESS HOLE-1, 8.0 FT DEPTH

SIZE CLASS REACTION TO COLOR ROUNDNESS SPHERICITY HRINERRLOGY
Cresd 102 HC1 * i  $ F 3% ]
BULKX SAHRPLE ‘none 10¥YR 672, pale yellow broun 6.3, sub-angular 0.5 quartz V02

plagioclase 152
basalt fraguants 14X
muscovite 12

___~&___.-.._..___._-—..._..__.._..__.._._....__.-....-__.a.-___-.__....—__-.——..mm...mm....-___....-...._-..-......._.___..‘-—..__......._.-_.....-—__--..-.__.__....__......____-—

>4.900
2.00-1.00 .
1.00-2.00 xxxx% NO FRACTIONS OF THESE SIZES wxxEx
0.50-1.00
0.25-0.50 none 10¥R 6/2, pale yellou broun 0.%, sub-rcunded 0.7 quart:
plagioclase
basalt fragnents
0.125-0.25 none 10¥R 6/2, pale yellow broun 0.3, sub-angular 0.3 quartaz
plagiocl ase
basalt fragrnents
ninmor nuscovite
0.062-0.125 none 10YR &/2, pale yellow brown 0.3, sub-angular 0.5 quartz
plagioclase
basalt fragnents
ninor nuscovite
<0.062 none 10YR ¢/2, pale orange-yellou bromun 0.3, sub-angular 0.5 quartz

plagiocl ase
basalt fragnents

S FROH GEOLOGICRL SOCIETY OF AHMERICA ROCK COLOR CHARY
xx FROH KRUHBEIN & SLOSS, 1963, STRATIGRAPHY AND SEDIHEMTATION, M.H. FREEWAR & CO., GED PP,
¥x% FAPPRONINATE % GIVEN FOR BULK SANPLE, HINERALOGY FOR IWDIVIODUAL FRACTIONS LISTED IN DECREASING ABUHDANCE.



TABLE P-18. SEDIMENT SAHPLE CHARALTERISTICS, MNEUTROM ACCESS HOLE Hole-1, 9.0 FT DEPTH

SIZE CLASS RERCTION TO COoLOR ROUNDNESS SPHERICITY HINERARLOGY
Crnd 108 HC1 i 1] % t111
BULK SRAHPLE slight 16¥R 5,2, med. yellow broun 9.3, sub-angular 0.5 quartz S5

basalit fragments 452

»4.00
&¢.00~4.00 xxex% HO FRACTIONS OF THESE SIZES sXxsx '
1.00-2.00
0.50~-1.00 none 10YR 5,2, ned. yellow broun 0.3, sub-angular 0.5 basalt fragments
quartz
0.25-0.%0 slight 10¥R 6/2, pale yellonw broun 0.3, sub-angular 0.5 basalt fragnents
quartz
0.125-0.25 slight 10YR S5/2, ned. yellow browun " 0.3, sub-angular 0.5 basalt fragments
quartz
n.662-9,125 slight 10YR 6/2, pale yelloum broun 0.3, sub-angular 0.5 quartz
basalt fragments
<0.062 nona 10¥R 572, ned. yellow broun 0.1, sngular 0.3 quartz

ninor basalt fragments

¥ FROH GEOLOGICAL SOCIETY OF AHERICR ROCK CULOR CHART
#y  FROM KRUMBEIN & SLOSS, 1963, STRATIGRAPHY AND SEDIMENTRTION, M.H. FREEMAN & CO0., 660 PP,
4w APPROXIMATE # GIVEN FOR BULK SAHPLE, NINERALOGY FOR INDIVIDURL FRACTIONS LISTED IN DECREASING ABUNDANCE.



FABLE B-19.

SEDINENT SANMPLE CHARACTERISTICS, NEUTRON ACCESS HOLE-1,

10.0 FT DEPTH

S1Z2E CLASS REACYION TO COLOR ROUNBNESS SPHERICITY HINERALOGY
Ciud 10 HC1 | %% nE XM
BULK SRAHPLE ‘none 10¥R B/2, pale gollou broun 9.3, sub-angular g.5 quartz 60
plagiocl axe 252
basalt fragrents 142
nuscovite 12
>4.080
2.00-4.00
1.00-2.00 wuxxxx MO FRRCTIONS OF THESE SIZES =xxxn
0.50-1.00
0.25-0.50 none I0VR 672, pale yellow broun 0.5, sub-rounded 0.7 basalt fragnents
quartz
0.125~0.25 nong 10¥R 8!2 pale yellouw broun 0.7, rounded 0.7 quariz
plagioclase
basalt fragnents
0.062-0.12% none 10¥R 672, pale yellow bromun 0.3, sub-angular 0.7v quartiz
plagioclase
bhasalt fragments
rminor nuscovite
<0.062 none 10¥R ?/2. pale orange-yellow bromn 0.3, sub-angular 0.5 quartiz
plagiaclase
minor basalt fragnents
] FRON GEGLOGICAL SOC[ET? OF AHNERICA ROCK COLOR CHART
%% FRON KRUNBEIR & SL05S, 1963, STRATIGRAPHY AND SEDIMENTATION, H.H. FREEHAN & CO., 6680 PP.

#ux% APPROXINATE 2 GIVEN FOR BULK SRAHPLE,

HINERALOGY FOR IMDIVIOUAL FRACTIONS LISTER IN DECREASING RBUNDHANCE.



TABLE B-20. NEUTRON ACCESS HOLE-2Z, S0Ik MOISTURE CHARACTERISTIC CURVE DRTA
Sample Soil bulk Volume = Volume percent moisture at selected tensions (bars)
depth density natural - - e
(feet) (gsfce) moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0
2 1.51 208.36 26.80 26.31- 24.96 23.8% 15.38 12.97¢ 11.99
- 1.20 11.70 23.61 22.87 20.87 19.60 14,24 12.73 12.11
6 : 1.52 16.90 26.55 26.47 23.33 24.43 19.76 18.94 17.55
a 1.63 19.60 28.15 28. 40 27.91 27.54 24.51 23.00 22.50
10 1.64 22.18 29.99 30.11 29.50 29.05 26.2¢ 24,22 23.7?
12 1.46 21.81 29.38 239.38 28.76 28.15 25. 25 23.77 23.24
14 1.65 23.53 29.71 29.71 29.13 28. 68 26. 35 25.08 24.55
16 1.61 21.85 32.20 32.41 32.08 31.46 26.1% 23.685 23.12
18 1.33 i1.42 27.29 26.92 23.69 21.32 14.6%9 13.26 12.48
TABLE B~21. NEUTRON ACCESS HOLE-2A, SOIL MOISTURE CHARACTERISTIC CURVE OATA
Ssaple Soil bulk Volume # Volume percent moisture at selected tensions (bars)
depth den=siity natural
(feet) {g/cz) moisture a.3 0.5 0.7 1.0 5.0 10.0 15.0
2 1.59 25.04 29.62 28.89 26.68 25.33 16.69 14.32 13.09
& ] i.3 12.44 26.35 23.81 2:1.07 19.97 15.26 14.24 13.05
& 1.76 18.78 32.90 32. 16 31.10 29.87 24.67 23.00 21.44
i0 1.71 22.71 33.76 33.35 22.65 32.20 28.56 26,92 26.06
12 1.75 24.355 34.90 3. 945 33.80 33.31 30.11% 208,72 27.66
14 1.70 23.81 32.16 31.71 31.10 30.56 28.1! 27.%54 26.55
16 1.84 25.70 37.36 3r7.ov7 37.07 32.08 28.07

36.58

390.03




TABLE B-22.

NEUTRON RACCESS HOLE-3A,

SO0IL MOISTURE CHRRACTERISTIC CURVE DATH

Sample Soil bulk Yolume # Volume percent moisture at selected tensions (bars)
depth density natural e e e e e e e e e e e i -
(Foot) (gfec) moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0
2 1.57 31.22 32.32 31.51 0. 65 29.42 20.66 i6.49 14. 48
4 1.37 32.00 37.56 35.949 3.61 o1.92 24,04 20.23 18.36
6 1.54 27. 31.96 30.92 30.25 29,66 26.74 23.82 21.90
- TABLE B-23. NEUTRON ACCESS HOLE-6, SOIL MOISTURE CHARACTERISTIC CURVE DATA
Sample Soil bulk Voluse # Volume percent soisture at selected tensions C(bars>
depth density natuwr-al
Cfeet) C(g/cc)y moisture 0.3 0.5 0.7 1.0 5.0 10.0 15.0
2 1.52 28.93 33.55 32.04 20. 77 <L9.62 23.00 20.0S 18.00
-4 1.59 14,53 21.60° 20.05 18.99 17.96 15.79 12.56 10.84
6 1.38 19.19 26.39 24.96 23.91 22,75 19.03 17.149 15.55
= 1.28 12.15 22.55 22.286 20.29 19.27 15.55 14,24 13.05
18 1.53 27v.9 41.08 40.51 39.53 8. 46 30.91 27.58 235.08




TABLE B-24,

NEUTRON ACCESS HOLE-9,

SCIL MOISTURE CHARACTERISTIC CURVE DATA

Sample Soil bulk Volume 2 Volume percent moistw o at selected tensions (bars)
depth density natural e e m -
(Feot) (g/cc? moisture 0.3 0.3 0.7 1.0 5.0 10.0 15.0
1 1.25 12.79 25.68 23.49 21.97 20.27 14.63 12.75 10.80
2 1.32 12.10 28.58 24.86 22.71 20.56 16.22 13.03 11.33
3 1.61 15.1°7 32.53 28.368 25.92 23.79 L7227 14.91 13.42
< 1.29 19.86 ~28.89 25.53 23.90 22.03 19.49 17.339 15.16
S 1.64 2. 60 33.16 31.40 30. 20 29.34 25.96 24.73 22.79
=3 1.6« 19.81 31.85 30.36 29.862 28,72 26.31 24.65 22.249
Fa 1.56 19.24 32.90 30.792 29.62 28.64 26.80 25.49 23.47
8 1.60 21.42 4. 41 33.33 az2.82 31.98 30.32 29, 46 27.62
9 1.55 19.42 &9.32 28.58 28.21 27.86 26.62 26.13 23.67
10 1.60 15.99 .73 a0.18 29.34 28. 36 24.67 23.249 20.15
11 1.52 25.09 38.24 37.50 ar.0s 36.52 3z2.86 31.30D 2840
12 1.61 23.22 A5.66 35.02 34.649 34.21 32.02 30.38 28.93
i3 1.63 20.59 a5.00 34,27 33.65 33.02 29.58 208.27 26.74
14 1.72 1S.92 32.61 31.53 30.6S5 29.44 24.53 23.00 21.34
15 1.79 17.60 34.10 33. 47 32.98 32.34 29._87 28.76 29.55
16 1.66 1€.12 34.39 33.24 32.16 30.65 25.20 24.28 21.13
L e 1.59 15.08 as.84 32.75 30. 30 27.80 21.860 20.32 17.92
ia 1.70 1€.30 38.71 33.20 23.20 29.85 22.79 21.58 19.21




APPENDIX C
RESULTS OF SOIL GAS SAMPLE ANALYSES

c-1



APPENDIX C
RESULTS OF SOIL GAS SAMPLE ANALYSES

Figure C-1 is a map of the SDA showing the grid that was defined to
determine the sampling points for the soil gas survey. The locations of
the sampiing points are also shown on Figure C-1. Table C=I1 1ists the
results of the anlayses of samples taken from the sampling points shown on
Figure C-1.
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TABLE C-1. RESULTS OF SOIL GAS ANALYSES (ng/L)

Sample

Depth Carbon Tri- Tetra-
Grid East North {in.) 1,1,1-Trichloroethane Tetrachioride chloroethylene chloroethylene
** Yalls
77-1-2 2175 2900 171 ft P 2.3 0.04 0.1
77-1-3 2175 2900 153 ft 5.0 20.0 5 2.4
77-1-4 2175 2900 Nz ft 5.0 20.0 4 1
717-1-% 2175 2900 104 ft 0.8 4.0 0.9 0.4
77-1-h 2175 2900 66 ft 7.0 4.0 8 2
78-4-1 2175 2975 335 ft <0.01 0.6 0.04 0.04
78-4-7 2175 2975 253 ft <0.01% 2.0 0.03 0.03
78-4-1 2175 2975 227 ft <. 01 0.1 <0.01 <0.01
78-4-4 217% 2975 118 ft <0.01 26.0 6 2
78-4-4 2175 2975 78 ft <0.01 36.0 g 2
xk 8
B-02 200 2400 24 <0.01 0.3 0.02 0.07
B-D4 600 2400 2 <0.01 0.4 0.03 0.04
B-06 1000 2400 28 <0.01 0.05 <0.01 0.01
B-08 1400 2400 30 <0.01 1.0 .04 0.05
B-10 1800 2400 29 <0.01 0.4 <0.01 0.03
B-12 2200 2400 21 <0, 01 0.7 P P
B-14 2600 2400 30 <0.01 0.8 0.1 <0,01
B-16 3000 2400 14 <0,01 8.2 0.04 0.02
B-18 3400 2400 18 <0.01 0.2 0.05 0.03
*k C
C-06 1000 2200 17 <0.01 0.4 <0.01 0.04
C-08 1400 222% 28 <0,01 3.8 0.2 0.4
€-09 1600 2200 18 <(.01 2.0 <0.01 0.07
C-10 1800 2225 20 <0.01 5.0 1 0.8
c-N 2000 2200 28 <0.01 5.6 0.4 0.04
C-12 2200 2200 20 <0.01 3.1 0.8 0.2
c-13 2400 2200 n <0.01 1.0 <0.01 <0.00
C-14 2600 2200 k| P 19.0 3 1
c-15 2800 2200 18 <0,01 2.0 P 0.4
c-16 3000 2200 15 P 0.9 0.05 0.05
c-18 3400 2200 30 P 1.5 0.06 0.1
c-19.5% 3700 2200 30 0.1 0.5 g.02 0.1
*k D !
D-02 200 2000 29 <0.01 P <0.01 <0.01
D-04 600 2045 20 <0.01 0.2 . 0.01 0.04
D-05 800 2000 32 P 0.1 <0.01 0.04
D-06 1000 2000 12 P 0.1 0.04 0.2



TABLE C-1. (continued)

Sample _
Depth Carbon Tri- Tetra-
Grid East North {in.}) 1,1,1-Trichlorgethane Tetrachicride ¢hloroethylene chlorgethylene
D-07 1200 2000 12 <0.01 0.04 <0.01 0.02
p-08 1400 2000 12 1.0 <0.01 <0.01 <0.01
p-09 1600 2000 17 P 0.1 <0.01 0.5
0-10 1300 2000 30 P 0.4 0.1 ¢
D-11 1925 2000 30 1.2 0.4 0.2 0.8
n-12 2200 2000 25 <0(.01 1.0 240 0.01
D-14 2600 2000 32 p 50.0 28 6
D-15 2800 2000 30 <0, 01 I3 <0.01 <0.01
B-16 3000 2000 30 <(.01 g.5 <0,01 <0.01
p-17 3200 2000 30 <0.01 0.3 <0.01 <0.01
D-18 300 2000 30 <0.01 ] <0.01 0.03
D-19 3600 1975 30 7 4.7 1.1 1.0
*& E
£-02 200 1800 12 <0(.0% (.02 <0.0 <0.01
E-03 400 1800 12 1.3 «0.01 0.6 1
E-04 600 1800 12 2 <0.0% 4 0.03
£-05 300 1800 12 V.2 <3.M 0.01 0.2
£-06 1000 1800 12 <(1.01 4.8 0.02 1.4
£-06 1000 1800 12 15 12 12 2.4
E-07 1200 1800 8 1 1 1 1.6
E-08 1400 1800 12 .9 P.2 4 0.6
£-09 1660 1800 0 8 3 2 2
E-10 1800 1800 30 1 ? P P
E-11 2000 1800 30 0.4 0.3 1 2
£-12 2200 1800 i2 <0.01 <0,01 <0.01 <0.01
£-14 2600 1800 io 8 P <0.0M1 4.7
E-15 2800 1600 28 310 <0.01 4 7
E-15 2800 1800 28 43 & 0.8 5.2
£E-15 2800 1800 28 170 P 1.6 6
E-15 2800 1800 28 120 <G.M 0.08 3
£-15 2800 1800 28 280 p 3.2 7
E-16 3000 1800 30 <Bh.01 0,2 <0.01 P
E-17 3200 1800 30 <0.01 2 <0.01 <0.01
£-18 300 1800 35 10 12 9.4 2.1
£E-19 3525 1800 30 <.01 1000 150 40
£-19 3525 1800 klt] P 1230 200 34
E-19 3525 1800 0 P 1400 100 25
£-19 3525 1800 30 . P 900 690 30
£-19 3525 1800 30 ’ P 640 BO 20
£-19 3525 1800 30 P 1200 100 21
£-19.5 3700 1825 32 p 0.3 <0.01 <0.01



THBLE C-1. (continued) | !

Sample
Depth Carbon Tri- Tetra-
Grid East North {in.) 1,1, 1=-Trichlaroethane Tetrachloride chlorpethylene thloroethylene

*x F |
F-02 200 1600 30 <0.0% 0.1 <0.01 <0.01
F-03 400 . 1625 12 <0.01 0.2 <0.01 0.7
F-04 600 1575 12 <0.01 <0.01 <001 <0.01
F-05 800 1600 12 <0.07 0.02 <0.01 0.01
F-06 1000 1570 12 <0.01 0.07 <0.01 1
F-07 1200 1600 12 <0.0% 0.1 <0.01 0.7
F-08 1400 1600 11 P 0.03 <0.0% <0.01
F-09 1600 1600 30 B 2 2 2
F-10 1800 1600 3 17 5 2 2
F-11 2000 1600 30 13 [ 1 3
F-12 2200 1600 30 4 10 1 7
F-13 2400 1600 30 P 29 4 2
F-14 2600 1600 o <0,01 0,09 0.05 0.1
F-15 2800 1600 2h d 13 3 2
F-17 3200 . 1600 30 0.02 P P p
F-18 3400 1600 20 2 <0,0% ] 0.5
* G
G-04 600 1400 30 <0.01 0.0% <0.0 <0.01
G-05 800 1400 12 0.01 0.02 <0.01 <0.01
G-06 1000 1400 12 0.03 0.04 <0.01 <0.01
G-C7A 1200 1300 12 <0.07 0.2 <0.0 <0.01
G-078 1200 1475 12 <0.01 0.04 <0.01 <0.01
G-08 1400 1400 12 <0.0% g.4 0.2 0.04
G-09 1600 1400 26 P 0.2 P p
G-10 1800 1425 30 <0,01 23 Fi 12
G-11 2000 1425 32 <0.0 50 20 27
G-12 2200 1420 30 2.5 2.4 1.5 0.4
6-13 2400 1425 30 <0,01 2 3.3 0.5
G-14 2600 1400 32 <0.0M P4 0.2 0.2
G-15 2800 1400 32 <0,01 <001 <0.01 <0.01
G-18 3400 1400 20 0.04 0.05 0.02 0.2
E &) H
H-06 1000 1225 3N <0,01 6.8 <0.,01 0.02
H-08 1400 1200 12 - <0,01 , <0.0% <0.0} <0.01
H-09 1600 1200 30 0.2 2.4 0.2 0.08
H-10 1800 1200 25 <0.01 ‘ ? 0.1 0.03
H-11 2000 1200 30 <0.01 0.3 0.01 0.02
H-12 2200 1200 30 <0.M 1 0.8 1
H-13 2400 1200 30 <0.01 0.2 «<0.01 <0.01
H-14 2575 1160 30 <0.0% <0.01 <0.01 <00



TABLE €C-1. ({(continued)

Sample

Depth farbon Tri- Tetra-
Grid East North {in.) 1,1,1-Trichloroethane Tetrachloride chloroethylene chloroethylene
H-15 2800 1200 30 <0.0] 0.0} <0,M 0.01
H-17 3200 1200 30 4 <0.01 .01 0.2
H-18 3400 1200 30 L} <0,01 <0.M <0.08
*k I
I-09 1600 1000 kli} <0.01 4 D.2 0.08
I-1 2000 1000 0 <@, 01 0.9 <0,01 P
1-12 2200 1000 25 0.7 0.3 <0.01 P
I-13 2400 1000 30 «<0.01 0.4 <0.01 0.0
I-14 2600 1000 30 <0.01 1.1 P P
[-14 2600 1000 30 Q.01 <0.0) <0.01 <0.01
1-17 3200 1600 3 3 <0.01 <0.01 0.08
I-18 2400 1000 30 «<0.01 0.3 0.02 0.04
* % J
J-11 2000 750 20 <0.01 0,03 <0.01 <0.0]
J-14 2600 800 29 3.8 <0, 01 <0.01 <0.01
J-15 2800 800 27 180 P «0.01 P
J-16 3000 800 26 0.01 Q.01 o.M <0.0]
J-17 3200 800 It} 0.2 0.3 0.06 0.04
J-18 3400 800 30 <0.01 <0.01 <0.01 <0,01
* ¥k K
K-14 2600 600 21 <0.01 0.4 0,03 0.0
K-17 3200 600 32 <0.01 0.06 <0.,0% 0.01
i L
L-17 1200 400 30 <0.01 0.02 <0.01 <0.01
**  Neutron Access Tubes
NAT-{2 3360 770 13 ft 1 G.3 0.07 0.07
NAT-03 3470 1210 10 ft 5 4 1 0.4
NAT-04 3580 1650 10 ft <0.0 5 1 0.4
NAT-05 3675 2120 9 ft <0,3 1 0.4 0.3
NAT-07 1455 1675 10 ft <0.01 22 4 1
NAT-19 1740 2090 15 ft | P 24 1 2
NAT-22 1265 1900 8 ft - P ! 19 0.5 <0.0
HAT-26 500 1920 11 ft p 22 2 3
NAT-27 260 1775 12 ft <0.01 8 <0.01 1
NAT-W0Z 3310 2070 10 ft <0.01 P <0.01 <0.01



TABLE C-1. (continued)

Sample .

Depth Carbon Tri- Tetra-
Grid East North {in.) "1,1,1-Trichloroethane Tetrachloride  chloroethylene  chloroethylene
**  pit Samples
P03-1 1950 1900 0 50 10 9 5
PO4-1 2500 1600 k]! <0.01 4 1 1
PO4-2 2300 1600 n <0.01 2300 9 10
PO8-1 2950 1900 30 P <0.0} <0,01 <0,01
P09-1 3500 1900 n <0.01 0.3 <0.01 <0.0
P09-2 3510 1850 N <0.01 1000 8 13
P10-1 2400 1485 26 0.4 3.8 P 1.8
P10-2 2000 1475 30 <0,01 160 21 19
P10-3 1800 1500 0 <D.01 100 30 g
P10-3 1800 1500 30 <0.01 470 4 10
P10-4 1600 1500 30 <0.0 28 22 2z
P13-1 2200 1350 26 <0.01 0.08 <0.01 <0.01
P18-1 2900 1350 28 <0.01 <0,01 <0.01 <0.01
P18-2 3128 1300 25 <0.01 <0.0} <0,01 <0.01
P19-2 3075 1150 10 ft <0.0M 0.05 <0.01 0.0
P19-3 3000 1025 10 ft <0.01 <0.0% <0.01 <0.01
P19-4 3025 950 10 ft P 0.02 <0,01 <0.0
P19-5 2900 900 10 ft <0.01 Q.06 0.01 0,02
P19-6 2850 1075 10 ft <0,01 0.2 0.03 0.04
P19-7 2875 1000 10 ft P p <0.0% <0.01
P20-1 2925 1025 10 ft 2 1 0.6 2
PA-1 2350 1850 30 <0,0} 8 3.2 9.7
PA-2 2350 1750 30 <0.01 3.8 1.3 5.7
PA-3 2425 1750 29 <0.01 3.0 1 2.2
PA-4 2300 1900 29 <0.01 1.9 ¢.4 2.5
PA-5 2275 2000 25 <0.0 3.5 0.6 -4
PA-6 2350 2050 28 <0, 12 4.6 13
PA-7 2425 2050 30 <0.01 5.4 4.6 7.8
PC-1 2400 1350 25 <0.0 2 <0.01 <0.01
*%*  Transuranic Storage Area
TRU-1 3970 1475 20 ft 20 32 36 <0.0
TRU-2 4044 1349 20 ft 0.4 3 0.6 <0.0
TRY-3 12 980 20 ft 24 22 6 2
TSAR1 3875 692 13 <0,01 0.3 <0.01 <0.01
TSARZ . 3763 1211 22 <0.01 0.1 <0.01 <0.01
TSAR3 3802 1462 27 - <0.01 . 0.5 <0.03 <0.01
**  Yeail
WWWT-1 -1600 1800 15 ft <0.01 8.8 1.8 0.4
WwWWi-2 -1600 1800 48 ft <0.01 8 1.2 0.4

3.8 0.9

WHW1-3 -1600 1800 74 ft <0.01 30



TABLE C-1, (continued)

Sample

Depth Carbon Tri- Tetra-
Grid East North {in.) 1,1,1-Trichloroethane Tetrachloride chlorcethylene chloroethylene
WWW1-4 ~1600 1800 112 ft H 6.6 1 0.4
WiWi-6 <1600 1800 135 ft F 28 4 1
WWW1-6 =1600 1800 180 ft P 3 2 0.4
WWW1-7 -1600 1800 240 ft <«0.01 0.9 P P
** Field Blanksd
XP-01 0 0 0 <0.01 <0.01 <{.01 <0.01
Xp-02 0 0 0 <0.,01 4 <0.01 <0.0%
*P-03 0 Q 0 <0.01 <0, 01 <0,01 <0.01
XP-04 0 0 0 <0.M [ <0.0M <0.01
XP-05 0 0 0 p P P P
XP-06 0 1] 0 <0.M P <0.01 <0.01
¥P-07 0 1] 0 <0.01 0.01 <0.01 <0.01
YP-08 0 0 0 p P <06.01 <0.0
rP-09 0 0 0 P P <0.01 <0.01
YP-10 0 0 0 P p <0.01% <0.01
XP-11 0 Q 0 P P <0.01 <0.01
nP-12 0 0 ¢ P P <0.01% <0.01
AP-13 0 0 0 P p P P
wp-14 0 0 0 P P <0.01 <0.M
YP-15 0 0 0 P P <0.01 <0.01
»P-16 ] 0 0 <0.07 <0.M <0.01 <0.01
Xp-17 0 0 0 <0.01 P <0.01 <0.01
¥Wp-18 0 0 0 <0.01 L4 0,01 <0.01
rP-19 0 0 0 <0.01 0.0 <0.01 <0.01
JP-19 0 0 0 <0.01 «(.01 <0.01 <0.01
WP-20 0 0 0 «0.0 .05 0.05 0.05
¥P-21 0 0 0 <0.01 P <0.01 <0.M
np-22 0 0 0 <0.01 <0.01 <0.0 «0.01
P-23 0 i} o <0,01 ] <0.01 <0.01
% Qutside the Grid
Z-01 2300 2994 32 <0.01 0,06 <0.01 <0.01
1-02 2833 3000 13 <(.01 0.2 0.01 <0.01
i-03 s 3558 17 <Q0,01 .08 <0.M <0.01
Z-04 3222 4138 31 <0.0 0.2 0.0 <0.01
7-05 3170 4585 23 <0,01 <0, 01 <0.01 <0.01
i-06 4504 1889 30 <0.01 F'4 0.03 0.1
=07 5095 2359 30 . <0.01 0.2 0.01 0.2
i-08 5860 2806 27 ) <0.01 ' G.?2 0.M 0.01
-09 6497 3246 27 <0.01 0.02 <0.01 <0.01
Z-10 -573 1627 21 P B «0.01 <0.01
-1 -1355 2013 13 P [ <0,01 <0.01
i-12 -1881 2329 16 <0.01 0.03 <0.01 <0.01



TABLE C-1. (continued)

Sample
) epth Carbon Tri- Tetra-
Grid East North {in.) 1,1,1-Trichloroethane Tetrachloride chloroethylene chlorcethylene
I-13 1528 412 30 <0.01 0.9 0.05 0.07
I-14 1186 -33 30 <0.0% 0.9 0.05 0.08
I-15 842 -334 18 P 0.2 <0.01 <0.01
i-16 -873 -2980 28 P 0.2 <0.01 <0.01

Note: P indicates that the constituent was detected in the sample at am unguantified level.

a. Field blanks collected by pulling ambient air through a probe and collecting a sample of the air in a
syringe.




APPENDIX D
STRUCTURE FOR DATABASE

D-1



Structure for database: C:instrmts.dbf
Number of data records: 310
Date of last update : 01/14/88

Field Field Name Type Width Dec
1 INST Character 5
2 WELL Character 3
3 DEPTH Numeric 7 2
4 DATL_INST Date 8
5 X0 Numeric 10 5
6 X1 Numeric 10 5
7 X2 Numeric 10 5
8 X3 Numeric 10 5
9 X4 Numeric 10 5
10 MATERIALS Character 64
11 NOTES Character 72
** Total ** 210
Structure for database: C:wells.dbf
Number of data records: 35
Date of last update : 11/12/87
Field Field Name Type Width Dec
1 WELL Character 3
2 DRILLED Date 8
3 10T DEPTH  Numeric 62
L 3 A_LUUURLY numneric iy r4
5 Y _COORD Numeric 10 2
6 ELEVATION Numeric 8 2
7 INST_LIST Character 180
8 SURFCAS_L  Numeric 10 2
9 SURFCAS_ D Numeric 8 2
10 ABANDON Date 8
11 TREATMENT Character 180
** Total ** 432
Structure for database: C:psgchrom.dbf
Number of data records: 253
Date of last update : 11/24/87
Field Field Name Type Width Dec
1 WELL Character 3
2 INST Character 5
3 DATE Date 8
4 TIME Character 5
5 TEMP Numeric 5 2
6 OFFSET Numeric 5 2
7 MVOLTS Numeric 5 2
8 MATPOT Numeric 8 3
** Total ** 45



Structure for database: C: labchem dbf
Number of data records:
Date of Tast update : 12/14/87

F1e1d Field Name Type Width Dec
1 INST Character 5
z DATE Date 8
3 TIME Character 5
4 NA Numeric 8 2
5 K Numeric 8 2
6 CA Numeric 8 2
7 MG - Numeric 8 2
8 FE Numeric 8 2
9 AL Numeric 8 2
10 SI02 Numeric 8 2
11 B Numeric o) V4
12 LI Numeric 8 2
13 SR Numeric 8 2
14 ZN Numeric 8 2
15 HCO3 Numeric 8 2
16 CL Numeric 8 2
17 F Numeric 8 2
18 S04 Numeric 8 2
19 BR Numeric 8 2
20 NO3 Numeric 8 Z
21 PO4 Numeric 8 2
22 1DS Numeric 8 2
23 OTHER Character 60
** Total ** 231
Structure for database: C:heatbloc.dbf
Number of data records: 1121
Date of last update_ : 12/15/87
Field Field Name Type Width Dec
1 WELL Character 3
2 INST Character 5
3 DATE Date 8
4 TIME Character 5
5 MEAS Numeric 8 2
6 MATPOT Numeric 8 2
** Total ** 38
Structure for database: C:tension.dbf
Number of data records: 394
Date of last update : 01/14/88
Field Field Name Type Width Dec
1 WELL Character 3
2 INST _ Character 5
3 DATE Date 8
4 TIME Character 5
5 MEAS Numeric 4
6 MATPOT Numeric 8 2
7 VOL Numeric 4
** Total *~* 38



Structure for database: C: probe dbf

Numher of data records:

Date of last update : 12/23/87

Field Field Name Type Width
1 WELL Character 3
2 STD Numeric 5
3 CHINQ Numeric 4
4 P Numeric 4
5 DEPTH Numeric 8
6 DATE Date 8
7 TIME Character 5
8 MEAS Numeric 8
9 MATPOT Numeric 8
** Total ** 54

Structure for database: C: fldchem dbf

Number of data records:
Date of last update : 11/04/87

F'l n'lr{ l:-l a'lr! Namn Tuna 1uth
1 INST Character 5

2 DATE Date 8

3 TIME Character 5

4 TEMP Numeric 5

5 FLD_PH Numeric 5

6 FLD_SPC Numeric 6

7 LAB_SPC Numeric 6

8 VOL Numer:c 5

9 BROMIDE Numeric 5

10 DIS_OX Numeric 5

11 EH Numeric 5

** Total ** 61

Structure for database: C:
Number of data records:

gygb]ock.dbf

Date of last update_ : 12/17/87

Field Field Name ﬁ Width
1 WELL Character 3
2 INST Character 5
3 DATE Date 8
4 TIME Character 5
5 MEAS Numeric 4
6 MATPOT Numeric 8
** Total ** 34
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TENSIOMETER DATA
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HYDRAULIC HEAD (REL. TO LSD}

MATRIC POTENTIAL (BARS}
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HYDRAULIC GRADIENT {(—DOWNWARD, +UPWARD)

HMYDRAULIC HEAD (REL. TO LSD)

HYDRAULIC GRADIENT, PAOT
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MATRIC POTENTAIL (BARS)

Matric Potentiai (Bars)

WELL PACT, 3, 6 AND 9 FT BLS
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HYDRAULIC HEAD (REL. TO LSD)

Matric Potential (Bars)
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HYDRAULIC HEAD (REL. TO L3SD)

GRADIENT {+UPWARD, —DOWNWARD)

W24 HYDRAULIC HEAD, 6 AND 9 FT

TO8 AND TO9

N
-

y

1l

6 FT (1.83 m)

4
03—Mgy-—-87 11=4,
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i 1
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4

+ 9 FT(2.74 m)

WELL W24, GRADIENT

T12, Ti3 AND T14

3
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o
-0.01 7
—-0.02
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-0.05
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+

11-Aug-87
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HYDRAULIC HEAD (REL. TO LSD)

HYDRAULIC HEAD {(REL. TO LSD)

W17, HYDRAULIC HEADS, 3 AND & FT

T18 AND T19

-0.25

—-0.35

~0.45

-0.65

Y
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/\

;
j

/

/
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-0.75
" 15-0ct—86

-0.15

T T T
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T ]
11—Aug—87
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T
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—0.25 A

|
&
»
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T
03—May—87

+
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GRADIENT (+UPWARD, —DOWNWARD)

HYDRAULIC HEAD (REL. TO LSD)

013
.12
011

0.1
0.09
0.08
0.07
C.06
0.05
Q.04
0.03
0.02

NN
v.uil

-0.01
-0.02
-0.03
—-0.04
-0.05

02—Jun—385%

~G.05

-0.1

~-0.15

-0.2

-0.25

WELL W02, GRADIENT

TO1 AND TO2

/

T T
19-Dec~83
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T
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JTO6FT

Y T
23~dan=-87

1
11-Aug-87

W06, HYDRAULIC HEAD, 3 AND 6 FT

THE AR YT4F
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a
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3 FT {0.91 m)

T

03—May—~87

+

11-Aug-87

& FT (1.83 m)

T
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HYDRAULIC GRADIENT (—DOWNWARD, +UPWARD)

HYDRAULIC HEADS, RELATIVE TO LSD

WELL PAOZ, GRADIENT

O o |
t=3

T10 AND T11
0.16
0.12 ~ Eﬂ/
0.1 =
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o
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0.04 — ﬂ ﬁ
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0
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A
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T
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T
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TI1C 3 FY
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Matric Potantiol {Bars)

Matric Potential {Bars)

0.1

WELL W20, 4 FT BLS

Tensiometer T03
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—-0.3 -

-0.5

W\

v

02-Jun—-B5S

19--Dec~85

T T
07-Jui—-86

1 T
23—Jan-87

WELL W23, 3 FT BLS

Tensiometer T05

11-Aug-87
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-0.05

-0.15

_.0‘2 -

=

-0.25

-0.3 -

-0.35
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07-Jul—-86

T I

23—-Jan—-87

T
11—Aug—-87




APPENDIX F
GYPSUM BLOCK DATA



Motric Potential (bars)

Matric Potential (bars)

WELL PA1, GYPSUM BLOCKS

Means for Matric Potential

Lo

o ©

o o~
[

\
A LN

=-0.2
02-Jun—85

0 Depth:

19-Dec—85 07~Jul-B6 23-Jan-87 11-Aug—-87

3.5 ft 8L . + Depth: 9.5 ft BLS

WELL 10, GYPSUM BLOCKS

MEANS AT VARIOUS DEPTHS

—-10 -

—14

-18 =

\l L.

—24
02—-Jun—85

a 3.0 FT

T T T T T T T T
19~Dec—85 07=Jul—86 23—-Jon—87 13-Aug—87

+ 5.0 FT <o 7.5 FT A 10.¢ FT



Matric Potentiatl (bars)

Matric Potential (bars)

WELL 12, GYPSUM BLOCKS

Mean with Moximurm gnd Minimum
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-
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-
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Matric Potential {bars)

WELL T12, GYPSUM BLOCKS

Mean with Maximum and Minimum
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APPENDIX G
HEAT DISSIPATION SENSOR DATA

G-1



Matric Potentoil (Bars)

Matric Potential (Bars)
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0.00

=0.10

-0.20

-0.40

-0.50
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~0.80

(.90
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WELL W11, 16 FT BLS

SENSORS 497, 663, 740

Sz | A e
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~2.2 T T T T T 1 T
15-0¢t—86 23—-Jan-87 03~-May—87 11—Aug—B7 18=Nov—87
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-2.1
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~-0.2
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1.8 -

—Z.4 = \Z
—-2.6 -
T
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T T T T T
15=-0ct—86 23~Jan~87 03—~May—87 11—Aug--87 19—-Nov—87

|
L_



Matric Potential (Bors)

Matric Potential (Bars)

WELL W18, 4 FT BLS

SENSORS 703, 686, 703
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o - // \
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.
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MATRIC POTENTIAL (BARS

WELL WZo, 4, / AND 14
SENSOR 797, 705 AND 724

5

S
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4
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WELL W18, 10 FT BLS

SENSORS 681, 706, 730

i
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|
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Matric Potential (Bars)

WELL W13, 3 FT BLS
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Matric Potential (Bars)

Matric Potential (Bars)
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-2.2
~2.3
-2.4
-25
-2.6
~2.7
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WELL W11, 5 FT BLS

SENSORS 734, 743, 751

0.2
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N
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Matric Potential (Bars)

Motric Potential (Bars)
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PSYCHROMETER DATA
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Matric Potential {bars)

Matric Potential (bars)
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Matric Potential (bars)

Matric Potential (bars)
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Matric Potential (bars)
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WELL 18, PSYCHROMETERS
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Matric Potential (bars)

Matric Potential (bars)
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Matric Potential {bars)

Matric Potentiatl (bars)
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Matric Potential (bars)

Motric Potential (bars)
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Matric Potential (bars)

Matric Potential (bors)
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